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ABSTRACT

A CONCEPTUAL FRAMEWORK FOR 3D URBAN DISASTER
RISK VISUALIZATION IN GEO-SPATIAL ENVIRONMENT

Kemeg, Serkan
Ph.D., Department of Geodetic and Geographic Information Technologies

Supervisor: Prof. Dr. H. Sebnem Diizgiin

September 2011, 203 pages

Visualization could be defined as the graphical presentation of information, in
which the main aim is to improve the user’s perception. In all phases of the disaster
management, decision makers come across huge data sets with spatio-temporal
content. It is hard to deal with these sets in order to find answers to the main
question of “How can we decrease the losses due to disasters?”, which is at the core
of the disaster management concept. To furnish this aim, disaster risk information
has to be transparent and clearly stated to the public, decision makers and disaster

managers. This might be more sophisticated than the calculation of the risk.

Taking precautions before a disaster to reduce the causalities and lossess
engendered by natural disasters is relatively cheaper, and more importantly, better
than cure. To achieve enhanced preparations for all kinds of disasters, visualization
is quite an important tool for decision support and risk communication. The basic

aim of this research is to propose a conceptual framework, with the consideration of
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all stakeholders related to the disaster management issue to have a better risk
communication, and to guide the design, implementation and integration of the 3D
urban modeling tools into disaster risk visualization. Moreover, an empirical
methodology is also developed for the generation of visualization solutions through
the design, and employment of the tool for disaster management framework. The
proposed framework has three main phases .These are the definition of visualization
components, object representation, and needs assessment. A new LoD hierarchy
with indoor is proposed to visualize all the possible 3D urban disaster situations in
the first phase. Then, a decision rule with eight attributes is proposed in the second
phase to establish a link between the hazard type and the LoD needed in a 3D urban
model for visualization. This decision rule is applied in a proposed three-level
hierarchycal structure. The assessed objects of these three levels are urban, sub-
urban zone and building. Moreover, a method to define the needed sub-urban zone
is proposed. Finally, different 3D urban modelling methods are analyzed to define

the data and process needs of possible 3D urban disaster visualization situations.

Two natural hazard cases are studied within the scope of this dissertation to assess
the operability of the proposed framework. These implementations involve one
earthquake and one tsunami case. Special attention is paid to finding one specific
sample for two modelling viewpoints, namely static and dynamic. The first
applications of the proposed framework with all the related features prove quite

promising.

Keywords: GIS, information visualization, disaster management, 3D urban

environment modeling
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COGRAFi MEKANSAL ORTAMDA 3B KENTSEL AFET RiSK
GORSELLEMESI iCIN BIR KAVRAMSAL CERCEVE

Kemeg, Serkan
Doktora, Jeodezi ve Cografi Bilgi Teknolojileri Bolimii

Tez Yoneticisi: Prof. Dr. H. Sebnem Diizgiin

Eyliil 2011, 203 sayfa

Gorselleme temel amaci kullanicinin algi seviyesini artirmak olan, bilginin grafik
sunumu olarak tanimlanabilir. Karar vericiler afet yonetiminin biitiin agsamalarinda
mekansal-zamansal igerige sahip biiyiikk veri setleriyle karsi karsiyadirlar. Afet
yonetimi kavraminin merkezinde olan “Afet kaynakli kayiplar1 nasil azaltabiliriz?”
sorusuna yanit bulmak amaciyla bu setlerle ilgilenmek zordur. Bu amaci
gerceklestirmek icin afet riski bilgisinin seffaf olmasi ve kamuya, karar vericilere ve
afet yoneticilerine acik¢a ifade edilmesi gereklidir. Bu riskin hesaplanmasindan

daha karmasik olabilir.

Dogal afetlerin ortaya cikardigi kayiplari ve zararlar azaltmak icin afetten once
Oonlem alinmasi gorece diisilk maliyetli ve daha da onemlisi iyilestirmeden daha
iyidir. Gorselleme biitiin afet tiirlerine kars1 geligsmis hazirliga sahip olmak amaciyla
Oonemli bir karar destek ve risk iletisimi aracidir. Arastirmanin temel amaci, dogal
afet yonetimiyle ilgili tiim paydaslar1 g6z 6niinde bulundurarak daha gelismis risk

iletisimi saglamay1 ve 3B kent modelleme araglarinin tasarimi, uygulamasi: ve dogal
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afet risk gorsellemesiyle biitiinlestirilmesine yol gdstermeyi amaglayan bir yapisal
cerceve Onerisi gelistirmektir. Ayrica, gorselleme ¢oziimlerinin gelistirilmesi igin,
s0z konusu aracin dogal afet yonetim cercevesi yoniinde tasarimi ve uygulamasi
yoluyla bir deneysel yontem de gelistirilmektedir. Onerilen gergevenin {i¢ ana
asamast bulunmaktadir. Bunlar gorselleme bilesenlerinin tanimlanmasi, nesne
temsili ve ihtiya¢ analizidir. {lk asamada biitiin olas1 3B sehir afet durumlarini
gorsellestirmek amaciyla i¢ mekani1 goz Oniine alan yeni bir detay seviyesi (DT)
hiyerarsisi Onerilmektedir. Bunun ardindan ikinci asamada, tehlike tirii ve
gorselleme i¢in bir 3B sehir modelinde gereksinim duyulan DT arasinda bir baglanti
kurmak icin sekiz 6zniteligi olan bir karar kurali énerilmektedir. Onerilen bu karar
kurali ii¢ asamali hiyerarsik bir yapida uygulanir. Bu ii¢ asamada degerlendirilen
nesneler sehir, sehir alt1 bolge ve binadir. Dahasi sehir alt1 bolgeyi belirlemek i¢in
de bir yontem Onerilmistir. Son olarak, olas1 3B sehir afet gorselleme durumlarina
dair veri ve siire¢ gereksinimlerini tanimlamak ic¢in farkli 3B sehir modelleme

yontemleri analiz edilir.

Bu tez kapsaminda, onerilen ¢ergevenin igletilebilirligini degerlendirmek igin iki
dogal afet tehlikesi durumu incelenmistir. Bu uygulamalar bir deprem ve bir
tsunami vakasini kapsar. Statik ve dinamik olmak {izere iki modelleme goriisii icin
birer drnek secilmesine dzel bir 6nem verilmistir. Onerilen cercevenin ilgili biitiin

ozellikleriyle beraber ilk uygulamalarinin umut vaat edici oldugu goriilmiistiir.

Anahtar Kelimeler: CBS, bilgi gorselleme, afet yonetimi, 3B kent ortamlari

modelleme
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CHAPTER 1

INTRODUCTION

1.1 Motivation

Since the 1980’s, visualization has come to be a major research challenge area of
the Geographic Information Sciences (GISciences). Initially the adaptation of the
great potential of the digital systems to the traditional cartography constituted the
main research focus; however, as time progressed, the cognition came into the focus
of the visualization studies (Goodchild, 2008). Today, there is no doubt about the
importance of the visualization on the human cognition. On the other hand,
contextual research and methodologies are needed to connect data derivation and
structural developments with the wide range of real word applications. Natural

hazards constitute one of the most critical ones.

Visualization could be described as the process of rendering any kind of phenomena
visible (Oxford English Dictionary). To make the phenomena visible, certain types
of visualization tools are used. These tools include charts, maps or truly 3D
representations.As a visualization tool, 3D geometrical representation of the spatial

information constitutes the contextual scope in the dissertation.

The words visualisation and visualization (with “z”) have different meanings and
the one that is referred to in the title of the dissertation and throughout the study is

the latter. The term visualisation is defined in the Oxford English Dictionary as;



“The power or process of forming a mental picture or

vision of something not actually present to the sight”

On the other hand, the term visualization has two extra internal meanings above this
definition. First, the concept of visualization has tight relations with computer
technology to explore data. Second, visualization focuses on the deeper

understanding of the acquisition of data (Visvalingam, 1994).

In the visualization literature, there are two main approaches of the classification of
visualization. One of these classification methodologies approaches the concept
from the usage side, and the other approach uses the visualized phenomena to

classify the visualization methods.

Ganter (1988) used the purpose of visualization in order to classify the visualization
approaches. According to this approach, visualizations can be classified within four

classes. These classes are;

e Exploratory visualizations
e Design visualizations
e Reference visualizations

e Presentation visualizations

In the first type of visualization, the gathered information of a model is represented
in a simplified form to convince the user. The most common example of the the
second visualization class, which is design visualizations, is CAD drawings. In
these visualizations, preliminary results are transposed to the user by these types of
visualizations. The third and the fourth visualization approaches have common
features. In both of these visualization cases, visualization graphics are formed with
the principles or procedures, so these are slightly out of the visualization designer’s

control.



Turk (1992) used the phenomena to be visualized to classify the visualization
approaches. In this taxonomy, the visualization approaches are categorized into nine

different classes:

e Phenomena visualization

e Meta-phenomena visualization

e Phenomena change visualization

e Visualization of the relations between phenomena
e (asual visualization

e Meta-casual visualization

e Information system (GIS) structure visualization
e Analysis process visualization

e Motivational visualization

In the visualizations of the phenomena, a real world phenomenon is depicted. The
visualized phenomena can be related with a local point or can have a regional
coverage, e.g. air pollution visualization for a specific place. In the second class of
Turk’s classification, visualizations are formed on meta-phenomena such as
content, quality or accuracy, etc. In the third class, the changes in a phenomenon are
illustrated over a specific period. The relationships of the spatially related
phenomena constitute the content of the fourth class visualizations. In the casusal
visualizations, representation of cause-effect relationships is performed between the
phenomena of interest, such as wind and air pollution dispersal. The casual
relationships dealt with, for example reliability, validity, etc., are visualized in the
sixth visualization class. An example to this can be the visualization of the
probability of air pollution spreading for the given wind direction. In the
information system visualizations, the analysis and display functionality of the
information system are used to create depictions from different databases. The
graphic representation of the analyzed processes is used to generate visualizations
in the class of the analysis process visualization. In the last class of the Turk’s
visualization classification, graphic displays, created to catch the viewer’s attention,

can be found (Turk, 1992).



The visualization cases that were focused on in this dissertation could be
categorized as information system (GIS) structure visualization in accordance with
Turk’s classification of visualization. Moreover, according to the purpose of the
visualizations, which is the approach of Ganter, the visualization cases that are

focused on could be considered as examples of presentation visualization.

The visualization of the spatial data is the most basic task in the field of GIS.
Thanks to data visualization, human eye can recognize the patterns and
relationships, which are inherently stored in the data. Spatial information is the most
important tool for the human cognition to recognise the real word processes (figure
1.1). Therefore, with communication capability of the visualization, a spatial

phenomenon is more efficient and easy to understand.

[
g Understanding

World Sender Media Receiver

Figure 1.1. The transmission model of cartographic information (Lin and Zhu,

2005)

The proposed framework in this thesis is constructed based on visualization with 3D
in GIS environment. 3D visualization might have the advantages of sophisticated
visualization techniques in addition to the naturally inherited visualization
advantages. There are numerous reasons to choose 3D visualization as a

communication tool. These reasons could be summarized as follows:

e Thanks to the gaming industry, computer graphics hardware is now faster
than before and while it evolves with an increasing acceleration day by day,
it has become cheaper than ever. Unlike the gaming industry, natural hazard
applications generally affect large areas, so they need large-scale

approaches. In addition to the graphic hardware, 3D graphic industry finds
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solutions for the large-scale data representation issues. These improvements

lead to the achievement of appropriate and effective visualization results.

e Apart from the developments for static 3D representations, dynamic
visualization technology is also getting strength. High-quality real time
rendering methods support this strength. Robust dynamic visualization
capabilities in 3D are also very useful for time-dependent dynamic data.
Visualization of temporal processes like natural hazards could benefit

directly from these developments (Wood et al. 2005).

Today Geographic Information Systems (GIS) has substituted the conventional
manual systems for map generation as a visualization tool. All kinds of
geographical scientific visualizations could be possible by using GIS for each scale
and application, which has a spatial component. Although the representation of the
objects in the form of truly 3D is still at the developmental stage, different
representation ways of the spatial data is crucial for today’s GIS technology. This
multi-representational characteristic of the GIS provides improved interaction level
if it is compared with the traditional mapping methods. The design of the
visualization is a critical process especially when these visualizations are employed
for a spatial decision support system (SDSS) (Wood and Brodlie, 1994). The
components of the GIScience, GIS, RS, and GPS, which are increasingly utilized by
the aforementioned SDSSs, are strong tools for entire disaster management circle

and commonly recognized as key support tools (Thomas et al., 2006).

3D visualization has a big potential for being an effective tool for visual risk
communication at each phase of the decision-making process in disaster
management (Marincioni, 2007). Previous studies have shown that the presentation
of hazard, vulnerability, coping capacity and risk in the form of digital maps has a
higher impact than traditional analogue information representations (Martin and
Higgs, 1997). Graphical representation significantly reduces the amount of
cognition effort, and improves the efficiency of the decision making process

(Christie, 1994), therefore disaster managers increasingly use digital maps. Better
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disaster management strategies can be designed by visualization. The advances in
GIS and RS supported visualization have a potential to improve the efficiency of

disaster management operations by being used as a risk communication tool.

Natural disasters have been responsible for the deaths of millions of people and
huge economic losses over the history of civilization. As more than half of the
world population currently lives in cities and most of the economic assets are
concentrated in the cities, natural disaster risks in urban areas are higher due to the
variety and clustering of elements at risk in urban areas. Today, cities are growing
and naturally, the vulnerabilities increase due to the growing complexity of urban
processes. Hence, the reduction and mitigation of the natural disaster risk require

the development of effective disaster management policies.

A disaster is a function of risk processes. It results from a combination of hazards,
human vulnerability and insufficient capacity. Risk is defined as the expected
losses, which may involve lives, personal injuries, property losses, and economic
disruptions due to particular hazards for a given area and reference period. For this
reason, risk is the product of hazard, vulnerability and elements at this risk (WMO,

2002).

Disaster management is a cyclic process (figure 1.2). The phases of the cycle are
response, recovery, mitigation and preparedness, and the temporal extent of each
phase is not definite for each disaster situation. Although there are no definite
borders among those disaster phases illustrated in figure 1.2, using this cycle is

efficient to develop the disaster management strategies.



Pre-svent Post-event

Figure 1.2. Disaster management cycle

Risk assessment is one of the key elements of a disaster management strategy and
provides information that is useful for all stages of the disaster management cycle.
Risk assessment gives answers to the following questions: Is the computed risk
acceptable? Which area(s) is/are at high risk?, Who and what is vulnerable?, What
are the capacities and recourses? How could the assessed risk be mitigated or
reduced? Risk assessment also provides input to decision making and increases risk

awareness among decision makers and other stakeholders.

In order to mitigate the risk and prepare the expected results of the disaster
situation, preparedness constitutes one of the most important pre-disaster phases of
the disaster management framework. Taking precautions before a disaster helps to
reduce the losses due to natural disasters. The key elements of each disaster

management phase are listed in table 1.1. As can be seen in the table 1.1, risk
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communication is one of the key elements of preparedness phase of disaster

management.

Table 1.1. Key elements of disaster management (source: IDB, 2000)

PRE-DISASTER PHASES

POST-DISASTER PHASES

; dentl?flis;tion Mitigation Trl::sl}er Preparedness Response Recovery
Hazard Physical Insurance/ Early Humanitarian ~ Rehabilitation /
assessment structural reinsurance  warning assistance/ reconstruction

mitigation of  public systems rescue of  damaged
works infrastructur ~ Communicati critical
e and private on systems infrastructure
assets
Vulnerability Land-use Financial Monitoring Clean-up, Macroeconomi
assessment planning and market and temporary ¢ and budget
building instruments  forecasting repairs and management
codes restoration of
services
Risk Economic Privatization = Shelter Damage Revitalization
assessment incentives of  public facilities assessment of affected
services with  Emergency sectors
safety planning
regulations
GIS mapping Education, Calamity Contingency =~ Mobilization  Incorporation
and scenario training and funds planning of recovery of disaster
building awareness (national and  (utility resources mitigation

local level)

companies /
public

services)

components in

reconstruction

The main aim of the risk communication is to avoid any hazardous event causing

any kinds of harm to humanity. Life bears an inherent uncertainty and this makes
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risk an inevitable factor in nearly every decision taken. Therefore, by recognizing
the uncertainty of hazardous situations, stakeholders of all natural disasters could

act more accurately with accurate decisions.

Stakeholders can be defined as any person or group of persons whose lives could be
impacted by a given risk. Early views on risk communication paid little attention to
stakeholder concerns or opinions. Because of this limited view, the early line of
vision for risk communication is in a linear manner. It could be defined as one-way

dissemination of information.

The US National Research Council (NRC) (1989) completed a research about risk
communication. According to the result report, risk communication is a key
component in the risk assessment, in this wise, in the disaster management. The
same institution provides a definition for risk communication in the book

“Improving Risk Communication”;

“Risk communication is an interactive process of exchange of
information and opinion among individuals, groups, and
institutions. It involves multiple messages, not strictly about
risk, that express concerns, opinions, or reaction to risk
messages or to legal or institutional arrangements for risk

management.”

The data necessary for the risk assessment and disaster management generally have
a spatial component, and change over time. Therefore, the use of GIS has become
essential in urban disaster management. In disaster management, scientific
information presentation is more useful for decision makers; if the presentations are
pertinent and visually understandable, then it is relevant that risk communication is

achieved more prosperously.

Risk mapping in urban context is complicated since the number of elements at risk
in an urban environment is varying and complex (e.g. social, economical, cultural,

historical, and physical elements at risk). By definition, visualization is the issue of
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graphical presentation of information; hence, 3D visualization through
Geographical Information Systems (GIS) and Remote Sensing (RS) has the
potential for providing a better risk communication tool for the representation of

natural disaster risk in urban areas.

Many authors believe that further developments towards 3D visualization have the
potential for even more effective communication tools (Raper, 1989; Zlatanova et
al. 2002; Kolbe et al., 2005; Marincioni, 2007). 3D graphical representation
significantly reduces the amount of cognition effort, and improves the efficiency of
the decision making process (Kolbe et al., 2005; Zlatanova, 2008). However,
visualization has to be done correctly. It is easy to create ineffective and misleading

visualizations.

Visualization should not be generated merely based on traditional methods but
rather it should provide the users necessities. Thus, a wise methodology is required

to choose the appropriate GIS visualizations (Turk, 1992).

1.2 Purpose and Scope

The basic aim of this dissertation is to propose a conceptual framework for several
stakeholders of the disaster management so that this framework can be used as risk
communication between them to guide the design, implementation and integration
of the 3D urban models in disaster management. Moreover, the proposed
framework is implemented based on case studies selected from different natural
disaster types (earthquake and tsunami). During these implementations, the applied
3D visualization methodologies were evaluated through surveys among the
stakeholders of disaster managers and the methodologies are revised according to

the needs and expectations of the stakeholders.

The conceptual framework, developed in this research fulfils the following aims:

e To constitute a basis for the 3D urban disaster management related

visualization tools
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e To improve the efficiency of disaster management operations by using

geographic visualization tools as a risk communication instrument

Based on the above stated aim, the following research questions are answered:

1. What are the parameters to be considered to construct an effective 3D urban

disaster risk visualization?

2. How the links between the parameters in the first question can be

systematically modelled?

3. How they can be incorporated to 3D urban disaster risk visualization?

4. For several cities under the influence of various disasters, which level of
details of urban model objects is appropriate to communicate the risk among

the different stakeholders with diverse expertise?

The 3D urban visualizations models, generated in this thesis, are made with
referenced geographic data by using GIS technology. In addition, the dissertation
does not discuss 3D visualization as a design tool for the designers but as a

communication tool to interact with disaster management stakeholders.

The efficiency of the proposed framework is evaluated by feedbacks from the users

of the implementations, who are experts from the municipality and academia.

Augmented Reality (AR) allows the user to observe the real world, with
superimposed virtual objects upon it. Therefore, AR supplements reality, rather than
completely restore it. AR can apply to all senses, not just sight. Nevertheless, AR
could be extended to include sound (Azuma, 1997). This thesis only focuses on the
generation of 3D urban visualization environment for natural hazards and is not

intended for the direct definitions for AR method and tools.
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The conceptual framework is developed for guiding the generation of risk
communication tools to be used in decision-making processes in all phases of
disaster management. Figure 1.3 illustrates the role of the proposed research in the

disaster management cycle.

mitigation

Figure 1.3. The theoretical background of the research

In the framework generation process, related headings, which cover all the concepts
depicted in the figure 1.3, are analyzed. Theoretical background of the research is
based on two main pillars. These are hazard-related concepts and urban-related 3D
geospatial visualization concepts. Hazard related concepts are disaster management
circle with related management strategies, stakeholders definitions and finally all of
the disaster risk related concepts like risk assessment and risk communication. 3D
geospatial visualization concepts are object definitions in the light of spatial data
infrastructures, object representation ways and model generation methods. In the
framework, all of these concepts are organized and used to realize the aim of the
desired framework in the field of 3D disaster visualization for urban environment.
Moreover, two natural hazard cases were studied to see the operational status and to

find the formative feedbacks for the proposed framework.

Concepts used to form the conceptual framework are; user, who will use the

generated communication tool, urban objects, which are used in 3D urban
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representations with a perspective of Open Geospatial Consortium’s (OGC)
CityGML spatial data infrastructure for 3D urban modeling and natural hazards
related components, which constitute the context of the visualizations; and these
three concepts form the visualization components. After the definition of the
visualization components, the basic concepts that should be analyzed and answered
are the spatio-temporal characteristics of natural hazards and the representation
identification of the required urban objects for different scales. Eventually the issue
of 3D urban model generation is analyzed within the implementations. The
processes of urban model generation are analyzed with the dimensions of source
data acquisition and the perspective of generation processes. In addition, data

inquiry results are interpreted to reach the needed 3D urban model.

1.3 Organization of Thesis

The thesis includes seven chapters that cover the corresponding subjects in an

organized manner. A brief description of each chapter is as follows:

Chapter 1 introduces the motivation section, which includes the explanation of
visualization and natural hazard concepts, the scope of the thesis, the intended
outcomes, the basic tools that are used for the study. Chapter 1 also provides the
needed background information. Finally, it includes the organizational information
of the following chapters. Chapter 2, which is the proposed framework, introduces
the proposed disaster/risk visualization framework with the needed background
information. In the third, fourth and fifth chapters, the three basic phases of the
proposed framework are given with proposals suggested for the related concepts. In
Chapter 3, visualization components are conferred, identification of the modeling
objects that are used in the intended 3D urban models are discussed with the spatial
data infrastructures view and the new Level of Detail (LoD) hierarchy that was
adopted from CityGML is introduced. In Chapter 4, LoD definition decision rule,
which is used to find the appropriate LoD definitions of model objects, is presented.
In the fifth chapter, different 3D urban modeling methods are analyzed to compare

the data and process needs and appropriate application areas for Level of Processing
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(LoP) axis of the reference frame. Chapter 6 demonstrates how the framework is

applied for an earthquake case in Eskisehir, and a tsunami case in Fethiye, Turkey.
The last chapter involves the conclusions and recommendations. In this chapter, the

conclusions of the research are given with a discussion. Besides, the

recommendations for extending and testing the framework are elaborated upon.
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CHAPTER 2

THE PROPOSED FRAMEWORK

This chapter presents the proposed framework, which establishes a link between the
disaster type (e.g. flood, earthquake etc.) and the components of 3D urban
visualisation. The framework takes into account the modeling issues such as the
appropriate detail level of the 3D model objects, the time/efforts needed to create

the visualization, and the availability of software, source data, etc.

There are various framework definitions in the literature. Although the name of the
dissertation imples the mentioned framework approaches, there is a need to
emphasize the distinctions between different framework definitions. In computer
sciences, software framework directly related with a reusable set of libraries or
classes for a software system. The terms to framework used in this thesis
corresponds to the definition of the conceptual framework, which is a set of theories
widely accepted enough to serve as the guiding principles of research within a

particular discipline.

2.1 Background

The use of 3D spatial data for all the phases of disaster management is a new but
quite attractive topic in geosciences. There are several studies on the use of 3D
geographic information in modeling hazard phenomenon and corresponding urban

environment. The related studies are given in an order starting from those with a

15



general view of the concepts to the more specific ones, which are directly related

with the topics and discussed in the dissertation.

In Gouin et al. (2002), a survey of visualization techniques and approaches was
conducted. Visualization, which forms the subject of the study, is used in allied
command and control systems, which are useful for military decision support
systems. The survey was applied in a manner that categorized the related
visualization methods with a three dimensional framework, which is named
Reference Model framework for the application of Visualization approaches (RM-
Vis) (figure2.1). The Domain Context, Descriptive Aspects and Visualization
Approach constitute the three axis of the proposed framework. The main aim of the
study was to survey the current visualization approaches and techniques; however, a
generic framework was proposed in the study. The application of the proposed
framework could be expanded to all visualization areas to see the current situation
and to determine the visualization method, which fits for the purpose and future

directions.

WHO, WHERE, WHY
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Figure 2.1. RM-Vis Framework (Gouin et al., 2004)
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Sapaz and Isler (2006) put three transportation visualization examples to the
reference model of Gouin et al. (2002) in order to provide a better understanding of
the framework. These studies played the role of idea generator for the proposed
framework. An organizational and theoretical gap was distinguished through Gouin

et al.’s approach.

Usery (2000) put forward a theoretical framework for representation of the
developed spatial, thematic, and temporal dimensions of geographic features. The
proposed framework matches the whole concept of a geographic feature as a single,
unique entity in the real world with multiple object representations. According to
the framework, one geographic feature could be represented as a point at a certain

resolution and as an area at a higher resolution.

Uitto (1998) proposed a framework, which uses GIS for urban disaster management
considering the disaster vulnerability concept. In the proposed framework, GIS
techniques are utilized to assist planning with the calculated urban vulnerabilities
especially for megacities. The study is among the first ones, which approach the

natural hazard risk assessment with a social touch and GIS utilization.

Herold et al. (2005) outlined a framework for establishing an online Web-based
Spatial Disaster Support System (SDSS) or disaster management, and the
framework integrates the concepts of GIS, Spatial Databases and the Internet for
Disaster Management. In the declared framework, maps are the primary output of
that system. The main argument of the paper is that the type of the discussed system
must be kept simple with a consideration of skill and resource availability in

developing countries.

Zlatanova et al. (2007) discussed an emergency response framework. The technical
necessities of multi-risk emergency response systems were evaluated from a 3D
spatial information perspective, and the proposed system architecture covers data

management and communication subjects of problem areas.
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Isikdag and Zlatanova (2009) proposed a framework for automatic generation of
buildings in CityGML using Building Information Modeling (BIM). The framework
defines the procedure of automatic building generation in a three-stage flow. In the
first stage, the rules for generation are defined for semantic mapping of BIM classes
to the CityGML. The second stage includes geometric simplification rules, and in

the final stage the rules for the transformation of attribute information are defined.

Hizaji et al. (2010) proposed a framework for integrating the 3D BIM utilities
network data into a GIS-based water utilities maintenance operations and
management system. Like the proposed framework, this study also utilizes
CityGML as a base model to provide an integrated ontology covering the BIM and
GIS model concepts. Another contribution of the study is the demonstration of a

new application area for these types of 3D urban models.

Apart from the studies related to the proposed framework, MacEachren and Kraak
(2001) emphasized the need for theory in the research area of 3D representation.
According to the study, the results of a team research (Mark, 1999), which focused
mainly on the five issues of the visual representation (these are context, data, usage,
users, and technology), pointed out five main research challenges to reach an

effective visualization tool. These research challenges were;

e The main reason, to develop a theory for geo-representation and formalizing
representation methods, is that the existing theory of cartographic geo-
visualization is inadequate.

e To develop new forms of representation that support the understanding of
geospatial phenomena and space-time processes

e To adapt representation methods to meet the changing nature of data to be
represented

e To adapt representation methods to the increasing range in types of task that
visual geospatial representations must support

e To take advantage of recent (and anticipated) technological advances in both

hardware and data formats
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These studies, however, do not provide an adequate methodology to define the level
of 3D urban modeling in natural disasters for various types of natural hazards, but
create a base to generate the needed framework. The most recent work mentioned
above pointed out the theoretical development needs of the geo-representation or
visualization research area. A conceptual framework is proposed to complement the
related studies and find solutions for the research challenges mentioned in the

motivation section of the disseration.

2.2 The Framework

The proposed conceptual framework provides the benefit of enhancing the
effectiveness of natural hazard visualization results and this improves the cognition
of stakeholders about the visualized phenomena, which results in increased risk
communication. The main pillars of this dissertation, 3D visualization through GIS,
has a potential for providing a better risk communication tool for visualization of
natural hazard risk in urban areas and this visualization issue needs a framework to

organize the associated parameters.

The proposed framework handles these parameters in a three-dimensional reference

frame (figure2.2) with three basic phases.
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Figure 2.2. The reference frame of the proposed framework depicted with three axes

of: Hazard Type, Level of Detail (LoD) and Level of Data Processing (LoP)

Initially, the data stored and used in GIS could be classified by two spatial
dimensions and one attribute dimension in addition to these, in the course of time
the third spatial dimension has been added by technological developments and
needs in this direction. Eventually the dimension of time was added to this
classification by those researchers whose main concern was temporal GIS alias

TGIS (Harrower, 1999; Ott and Swiaczny, 2001; Peuquet, 2002).

The GIS data could be stored within a database with three basic elements; in other
words, geographic data is characterized with three basic components. These are
time, space, and attribute. In GIS, the attribute and the spatial information of the
spatial objects that are stored and analyzed change through time (Castagneri, 1998).
This three-dimensional knowledge approach of GIS is the main inspiration source
for the proposed reference frame of the proposed conceptual framework given in
figure 2.2.
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Three axes of the proposed reference frame is related with the dimensions of time,
space and attribute from the three-dimensional knowledge approach. In this respect,
the Hazard Type (HT) axis represents the attribute dimension with its contextual
effect to the framework, the Level of Detail (LoD) axis represents the space
knowledge dimension because it defines the spatial representation of the modeling
objects, and the last axis, Level of Data Processing (LoP), is analogous to time
dimension. Actually, in the LoP axis the process load of the modeling methods is
evaluated in terms of time and source costs. Then, the relation between the LoP axis
and time still is not trivial. Moreover, the effect of the temporal resolutions of the

used data sources is also managed in this axis.

3D urban model objects are pointed out in this three-dimensional reference frame
consisting of three axes: LoD, LoP and HT. In an urban environment, with respect
to a hazard type, a specific level of detail is required, which determines the level of
processing for urban, urban zone or each building object by itself, depending on the
scale of the assessment. This relation may be represented as a point, line, area or

volume in the three-dimensional reference frame.

The HT axis of the reference frame defines “what” will be visualized and
constitutes the context of the visualization (figure 2.3). The prevalence level found
through the proposed LoD decision rule is used to rank the different hazard types.
Hazards that have a low prevalence level are placed close to the origin, and those
with a high prevalence are placed far from the origin. According to this approach,
low prevalence mean that the required 3D urban model covers small areas, which
refers to relatively low costs. Conversely, natural disasters with high prevalence
create a need for 3D urban model for wide areas, with high operation and

construction costs.
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Figure 2.3. Hazard Type axis, which defines “what” is visualized

The LoD axis defines “in what form” the previously defined visualization objects
will be visualized (figure 2.4). The resolution obtained from the proposed decision
rule is used for finding the appropriate object representations. In this way, the HT
and LoD axis are linked together. In this axis, the LoD definitions are adopted from
the CityGML, and a new LoD hierarchy for indoor representations of the building
objects is proposed to complement the CityGML’s LoD definitions. In the axis,
general LoD definitions are placed close to the origin and the detailed ones are

placed outwards on the axis.
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Figure 2.4. LoD axis which defines “in what form” visualization objects are

visualized

The LoP axis defines “how” to prepare visualization (figure 2.5) and represents the
effort required to generate the needed geometrical representation or to obtain the
available data. At the moment of disaster and during the response phase of the
natural disaster, temporal resolution of the information is more important than
spatial resolution. In such situations, clear definitions of the data and processes need
to acquire an appropriate model is vital for effective disaster management. By
relating LoD with LoP, the proposed framework effectively works for all phases of
the disaster management circle. In the scope of this dissertation, LoP axis is defined
and alternative modeling methods are analyzed according to the data and process
needs of the modeling methods, yet the relation between the LoD and LoP axes
should be studied in a more detailed way and rules should be described in the

future.

In the LoP axis, raw inputs like simple building box representation or course DEM
for terrain representation is placed close to the origin; on the other hand, model
objects requiring more processing overheads like building object LoD4 or detailed

TIN model for terrain representation are placed to far away from the origin.
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Figure 2.5. LoP axis which defines the needed visualization efforts in terms of data

and process.

In the urban disaster visualisation environment, there are three main components:
urban objects (above ground), terrain objects (on the ground) and hazard medium.
The integration of these three components constitutes the resulting model. Each of
these components has process steps, model components and related spatial data

analysis techniques.

For urban objects, the process steps needed starts with digitising the bulding
polygon (if the model generator has paper copy maps) or building footprint
extraction (in this case, the generator has only aerial or high-resolution images).
Land cover classification and building height detection from stereo pairs (in this
case, building footprints exist but there is no data on height) may also be beneficial

for urban object determination.
The generation of terrain objects can be performed by using contour data, stereo

pairs or photogrammetric field surveys. The accuracy and the cost of the

compulsory processes increase for each method, respectively.
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The last component, and the context of the model, is the hazard medium. The
process needed for the hazard medium originates from the characteristics of specific
hazards or the aim of the visualisation. The hazard medium could be static or

dynamic, and the process needs increase, accordingly.

These examples may clarify the definition of LoP; some municipalities may need to
have a 3D extrusion model of a given area. To create such a model and provide it
for the corresponding specialists, raw data may be needed to process flood
inundation areas (if data and software are available). However, if indoor model of
several buildings is required, the process needs more effort to create such an output.
Processing efforts (represented by the axis LoP) start with creating the required 3D
representation with data collection. Then, 2.5D terrain representations with draped
aerial or satellite images can be considered but these require more effort, and
therefore, come after the raw data. 3D extrusion such as fagade texturing with
ground images, 3D object generation and integration with the surface, automatic or
semi-automatic roof construction, detailed facade modeling by using ground point

clouds and detailed indoor modeling can exist at the end of this axis.

The processes that need personal experience and immature functionality require
more effort and take place on the right side of the LoP axis. Automatic methods for
creating an output are located on the left side. The LoP axis is evaluated through the

analysis of different 3D model generation techniques.

Different modeling techniques are evaluated according to the data needed to
construct the model and time / budget costs. Three of these 3D urban modeling
techniques are tested in this dissertation. The tested techniques are; Narrow baseline
photogrammetry, CAD-based 3D modeling and 3D model acquisition from stereo

satellite images.
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2.3 The Process Phases of the Framework

The proposed framework follows three basic phases to point each model object in

the mentioned 3D reference frame (figure 2.6). These phases are;

1) Definition of Visualization Components
2) Object Representations

3) Needs Assessment

g
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O = 8 CityGML for Model Object Pool
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@ *g Object Representation Decision Rule
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3 & Evaluation Representation
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Data Inventory and Data / Processes Needs

LoP with 3D Modeling Methods

Phase 3 .Needs
Assessment

‘—7

3D Urban Model Generation

Figure 2.6. The basic phases of the proposed framework
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The framework starts with the first phase, Definition of Visualization Components.
These components are user and the related 3D modeling objects (figure 2.7);
Different users might be interested in different sets of risk elements, which depend
on the components of the urban environment. For example, an insurance company
may have interests concerning the buildings, while utility companies might be
mostly concerned with the effect on utility networks. That is to say, the objects to
be considered (and included) in a particular 3D model have to be selected with

respect to the user.

F
HAZARDTYPE

" LEVEL OF DATA
PROCESSING (LoP)

/.E‘E.'EL OF

DETAIL (LoD)

Figure 2.7. 3D urban model object in the reference frame

The second phase of the framework application is Object Representations. In this
phase the appropriate object representations are analyzed and the levels of
Indoor/Outdoor Resolution are defined by a proposed decision rule. Indoor/Outdoor
Resolution defines the abstraction levels of each modeling object where low spatial
resolution would mean a low LoD, while high spatial resolution would mean a high
LoD. Data Representation involves the data and procedures needed for a specific
model. Here, the alternatives to 3D data representations such as boundary (surface)
or volume approaches (e.g. voxel) should be evaluated. In this step, natural hazard-

related definitions are also completed. Hazard Characteristic Medium is the hazard-
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related feature in visualization, which might be the vulnerability value of any

building in an earthquake case or that of an object on sea surface in a tsunami case.

In this phase, the previously defined 3D urban modeling objects are placed on the
reference frame of the framework. The marked places depict the desired or required

object representations of the application (figure 2.8).

- e >
vl o " LEVEL OF DATA
: 4 " PROCESSING (LoP)
2 "
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DETAIL (LoD)

Figure 2.8. Locating points on the reference frame

When visualization objects and their LoD characteristics are defined, they are fed
into the third and the final phase, which is called Needs Assessment. In this phase,
data inventory and data / processes needs are clarified and the efforts and data
needed to establish the model objects are put forward. In other words, in the first
phase of the framework the points are defined; then in the second phase, these
points are placed in the reference frame. Until the third phase, the framework
defines the needed objects and their appropriate representations. In the third phase,
the situation of the current data of practitioner is searched for with needed processes
to achieve the desired representation results. In figure 2.9, the cumulative length of
the lines, which connect the solid and related hollow points, is an indicator of the

process load of the application (figure 2.9 is an example notation for building
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object). In figure 2.9, solid point, which represents the needed representation, is
placed in the second phase; hollow point represents the situation of current data to
reach the solid point (in the figure, only the pink object is depicted for a clearer

illustration).
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Figure 2.9. Representation of various phases in the reference frame
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CHAPTER 3

DEFINITION OF VISUALIZATION COMPONENTS

A model is a certain type of abstraction. In a model, the user can understand real
world processes by abstracting the world. The main concern of this dissertation is to
find a trace to reach a well-balanced 3D urban model so that it is used as a
communication tool for the user known in advance. The abstraction of visualized
phenomenon plays a critical role in achieving a better communication as mentioned
before, because there is a limit for human perception. By removing the non-

essential details, users can use this limit more effectively.

In the GIS environment, the main concern of the modeling is geography, and thus
the world itself. Geography consists of entities as objects and processes as models.
In this chapter, the model objects, which should be determined before
representation definitions about the related objects, are given through the

framework.

Assets or entities, which suffer from the damage or losses of natural disasters, could
be physical (people, building, or infrastructure) or abstract concepts (society or
country). These physical and abstract concepts constitute the elements at risk in the
disaster management terminology. An urban system covers all of these physical or
abstract concepts. Therefore, the user and 3D model object definitions are

completed in the first step of the framework.

Hazard component refers to the determination of two characteristics of the 3D urban

model, which are Hazard Characteristic Medium and Data Representation for this
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hazard characteristic medium. Hazard Characteristic Medium is the hazard-related
feature in visualization, which could be the tabular vulnerability value of any

building in an earthquake case or a continuous sea surface object in a tsunami case.

3.1 User

The answer to the question of who will use the generated visualization tool is vital
to find an appropriate visualization solution. User is the first visualization
component of the framework. A user can be defined as “a person who uses an
already-defined application by sitting at a workstation and interacting with it”
(Hopgood et al., 1986).

3

In the generated risk communication tool, the term ‘“user” involves active
individuals who interact with the information rather than passive receivers. Thanks
to the knowledge served by the generated 3D urban model within the GIS
environment, the user can organize the visualization components better and create
new information from the served visualization. Therefore, the proper generation of
the visualization improves the efficiency of the interaction. The characteristics of
the user of visualization can vary considerably depending on (Medyckyj-Scott and

Hearnshaw, 1993):

e their ability to understand the computer conventions for the interaction

e their familiarity with the range of functions equipped in the visualization
e their cognitive, perceptual and psychomotor skills

e their expertise domains

e their expectations

Modern approaches to the generation of user-centred visualization integrate the user
and the context of the visualization so as to find usable and useful tools. A user-

centred design process involves the principles listed below;

e Set an early focus on users’ interest areas

e Apply a participatory design process
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e Apply a user test to measure the usability
e Modify the design with user feedbacks (Gould and Lewis, 1987; Rubin,
1994)

The user stands at the centre of the visualization generation process and constitutes
the starting point of the framework. In the framework, a user-centred design process

(as depicted in the figure 3.1) is applied to reach an effective communication tool.

Plan the user
centred process

L

Specify the
context of use

Evaluate design Specify user and
organizational
requirements

Produce design
solutions

L 4

Product /
prototype meets

requirements

Figure 3.1. The user-centred design process (Bevan and Curson, 1999)

In the domain of urban disaster management, decision makers must be able to
identify the relations between information types in order to generate decisions from
heterogeneous information types. The perception of the decision makers and the
visualization of the abstract information are tightly interrelated, so they must be
considered and understood together. As different user groups or decision makers

require different types of 3D urban models and functionalities or as the user
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characteristics listed above can vary in many different ways, the first parameter to
be identified for the framework is the characterisation of decision makers and

accordingly elements at risk.

Hazards can affect physical assets and/or humans. In an urban area, citizens,
cultural heritage (e.g., buildings and natural phenomena) assets, infrastructure (e.g.,
roads, utility networks and rivers), and private and public housing may be
vulnerable to a specific disaster and are considered to be elements at risk.
Therefore, it is important to know who the user groups are and what elements at risk
they are interested in. The identified elements at risk have a direct influence on the

required 3D model and visualisation.

Correct determination of user group is important for determining the functional
content of the 3D urban model. Different users are involved in different phases of
disaster management. For example, fire fighters, medical emergency managers and
the police might be the users in the emergency phase, while urban planners and risk
management specialists might be the users in the preparation phase (Zlatanova et
al., 2007; Zlatanova, 2008). The introduction of a fundamental classification of
users is beyond the scope of this dissertation. The users considered in the
framework are general users such as financial institutions (e.g., World Bank,
insurance industry), academia (e.g., universities), the private sector (e.g., industrial
organisations), governmental organisations (e.g., governors, municipals), civil
society organisations (e.g., Red Crescent), international financial institutions and

other public bodies.

3.2 3D Model Objects

To understand the urban model class definitions, urban object space should be
elaborated. The urban space is object-related; these object classes contain structural
“positive” elements, like buildings, and “negative” ones, such as public areas. There
are objects and sub objects (figure 3.2). For example, the description of a street
consists of the surrounding buildings, in addition to the geometrical information

about the height of the curb and the sewerage cover. All these sub objects combine

33



information about geometry and material (texture, color), which should be available

or has to be defined (Koninger and Bartel, 1998).

Negative Elements

%ﬁmﬂve Elements E

Figure 3.2. Positive and negative elements of urban space

There are three main groups of modeling objects introduced in this section. These
urban objects might be damaged from the related natural hazard as elements at risk,
hazard-related part of the visualization in the hazard-related components
subheading and finally landscape component, which is a natural part of a 3D urban

visualization.

3.2.1 Elements at Risk

In the relevant urban context, building objects constitute the main elements at risk.
Spatial Data Infrastructures (SDI) provides the appropriate framework to integrate
all the potential data sets. Various initiative concepts exist to define the objects of
interest in urban areas. Building-centered SDI could be categorized according to
scale on which the infrastructure is mainly settled and the information which the

infrastructure provides.

The Industry Foundation Classes (IFC)

The Industry Foundation Classes (IFC), developed by International Alliance for
Interoperability (IAI), is a standardized exchange format for Building Information

Models (BIM) (IAI, 2007). IFC has been designed especially for detailed building
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models with such elements of the building objects as exterior walls, interior walls,
floors, doors and windows, ventilation, plumbing and electrical infrastructure etc.

(figure 3.3).

Figure 3.3. IFC model example with electrical and plumbing infrastructure elements

(IAL 2007)

Unlike CityGML, the main aim of the IFC’s BIM is to support the whole lifecycle
of the building development processes such as design, planning, construction,
management, and destruction. IFC serves as a common information model structure

for a group of users like designers, architects, manufacturers, facility managers, etc.

The unique characteristics of the BIMs are:

e Object-oriented: BIMs have an object-oriented nature

e Data-rich / Comprehensive: BIMs are data-rich and they contain all physical

and functional characteristics of the building

e Three dimensional: BIMs represent the geometry of the building with a 3D

representation

35



e Spatially-related: Spatial relationships between building elements can be
maintained

e Rich in semantics: BIMs maintain a high amount of semantic (functional)
information about the building elements

e Supports view generation: BIMs support view generation (Isikdag and

Zlatanova, 2009)

IFC models are encoded with EXPRESS data description language. However, an
XML-based encoding ifcXML exists, and thanks to this XML-based encoding
language, the interoperability of the models can be enabled. Therefore, the 3D
model design software could use IFC models to create the visualization
environment or modify the models. Most of the CAD vendors provide import and

export functionality for IFC models (Déllner and Hagedorn, 2007)

In the framework, IFC can play the role of a source of detailed architectural
building models with internal and technical infrastructure information. The main
area of concentration for CityGML is 3D information model for a region; therefore,
it mostly covers a huge amount of buildings, the same situation is valid for the
proposed framework. In most of the natural disaster situations, natural hazards
affect more than a group of building. Besides, the framework deals with not only
the building objects but also terrain, street objects, vegetation and water objects.
CityGML covers all of these object definitions. As a result, object taxonomies of
the CityGML constitute a base for object pool in the framework and if available,
IFC BIM is an information source particularly for the detailed building objects,

which are the main concerns of the desired 3D model.

Benner et al. (2005) is an example for the automated transformation of IFC to
CityGML. In this study, the Karlsruhe Research Center transformed both block
model (LoD1) and a detailed airport facility model (LoD4). Figure 3.4 is an
example of a detailed IFC building model.
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Figure 3.4. Detailed IFC building model (Benner et al., 2005)

From the view of data representation field, IFC supports various types of 3D-shaped
representation methods, yet CityGML only supports B-Rep. Consequently, certain
types of information like curved geometries or physical quantities could not be

directly converted to the CityGML.

CityGML

CityGML is one of the few 3D urban modeling concepts, which consider two
aspects of 3D urban modeling in a generic sense (i.e. it is not application-oriented).
These are syntactic and semantic aspects. CityGML is a 3D urban spatial data
infrastructure. It is implemented as an application schema of the Geography Markup
Language 3 (GML3) of the Open Geospatial Consortium (OGC). GML3 is based on

OGC’s ISO standards, which means that it is open and vendor-independent.

Syntactic and semantic interoperability is necessary for each GIS component. By
using an XML-based language, syntactic interoperability is achieved. Semantics is
related with the geometrical and topological aspects of 3D city models and these are
covered by class definitions of CityGML (figure 3.5). All basic urban model
components, that is, buildings, vegetation objects, water bodies, transportation

facilities (like streets and railways) and city furniture, include this class taxonomy.
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Figure 3.5. The UML diagram of the top level class hierarchy of CityGML (source:
Cox et al., 2004)

The urban objects in CityGML are subdivided into certain class definitions. One of
the important classes is the building class, which provides the representation of
thematic and spatial aspects of buildings. Another one is relief, which is simply the
terrain. The others are transportation, which represents the objects of all modes of
transportation, for example a road, a track, a railway, or a square, and land-use,

which describes those areas of the Earth’s surface dedicated to a specific land use.

Several other objects such as city furniture, vegetation and water can also be useful
for risk management. The city furniture objects are stable objects like lanterns,
traffic lights, traffic signs, advertising columns, benches, delimitation stakes, or bus
stops. The vegetation is used to represent solitary tree objects, plant cover as surface
or plant canopy. The water object represents the thematic aspects and three-
dimensional geometry of seas, rivers, canals, lakes, and basins. These object classes

compose the object pool in the framework. A set of objects important for any
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particular disaster can be obtained from this pool. The only limitation is the lack of
underground objects. However, ongoing research and developments are considering
extensions in this direction (Emgard and Zlatanova, 2008; Tegtmeier et al., 2008),
which can later be included in the framework. These object classes compose the
object pool in the framework. A set of objects important for any particular disaster

can be obtained from this pool.

Levels of Detail (LoD)

3D semantic urban modeling is an important factor to be considered during the
development of the framework. Although various aspects of 3D modeling can be
accounted for in the proposed framework, the types of objects to be modelled, their
representation and the resolution, or Levels of Detail (LoD), play the most critical
roles in 3D urban modeling for natural disaster situations. In practice, the concept of
LoD can be directly related to the resolution, hence the identification of objects in

3D modeling.

The abstraction, which is converted into visible representations, is called LoD.
Studies on LoD target the reduction of software and hardware difficulties to display
a large collection of urban data. To meet the needs of real-time display, it is the best
choice to generate as many LoD definitions as possible in advance and to store them
in the database. Nevertheless, due to the data redundancy and the storage
limitations, generally only discrete LoD hierarchies are defined (Lin and Zhu,
2005). Improvements in users’ spatial perception can be achieved by LoD models
(Chang et al., 2007; Vanegas and Aliaga, 2009). CityGML provides the concept of
a LoD for 3D urban visualizations, which is best developed for buildings. However,
the approach of CityGML is appropriate for the introduction of LoD levels for
various other objects. In CityGML, LoDs range from LoDO to LoD4. LoDO is the
2.5D level, over which an aerial image or a map may be draped (Kolbe et al., 2005),
for a simple box model defines buildings in LoD1, while buildings in LoD4 are
defined even with interior details of them (figure 3.6). Naturally the resolution
increases from LoDO to LoD4 (Groger et al., 2006). The concept of LoD is quite

generic and suitable for small to large area applications. The concepts of LoD of
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CityGML are adopted as a starting point in the study. Table 3.1 represents the

provided 3D point accuracy and the model scale descriptions of the LoD’s.

Table 3.1. LoD 0-4 of CityGML with its accuracy requirements (source: Albert et
al., 2003)

LoD0 LoD1 LoD2 LoD3 LoD4
Model scale regional, city, region  city architectura architectura
description landscape districts, 1 models 1 models
projects (out-side),  (interior)
landmark
Absolut 3D lower than ~ 5/5m 2/2m 0.5/0.5m 0.2/0.2m
point accuracy LoDl
Roof no flat roof type real object  real object
form/structure and form form
orientation
CityFurniture - important prototypes  Real object real object
objects form form
SolitaryVegetat - important prototypes, prototypes, prototypes,
ionObject objects higher 6m  higher 2m  real object
form
PlantCover - >50*50m >5%5m <LoD2 <LoD2
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(a) LOD1 building (b) LOD2 building

(c) LOD3 building (d) LOD4 building

Figure 3.6. The four LoD definitions of building objects by CityGML (source:
Groger et al., 2006)

Proposed Building Indoor LoD Hierarchy

Currently, building LoD definitions of CityGML is robust and steady especially for
the external parts of the city structures (figure 3.7). The same situation does not
apply to the indoor representation definitions. In the LoD 4 of CityGML, indoor

detail is defined as;
“LoD4 completes a LoD3 model by adding interior structures for 3d
objects. For example, buildings are composed of rooms, interior doors,

stairs, and furniture.”

This definition characterizes a building model that has all the architectural

details in the most detailed representation level.
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Figure 3.7. The current LoD hierarchy of CityGML

The main concern of the framework and the applications is finding the proper
representation especially for building objects of the urban models for different
disaster situations. In this context, more detailed approaches are needed to improve
the efficiency and the communication capability of the generated 3D urban model in
all phases of the disaster management. Pre-hazard phases, which are preparedness
and mitigation, need to put forward the situation in more detail in the related scale.
For example, the social conditions and accordingly, the resilience of all the
residents in a high-rise apartment blocks are not the same, particularly in Turkey.
Therefore instead of whole building representations, more detailed representations
such as floor level or living unit level are more beneficial for the development of

more coherent strategies in the preparedness phase.

Some natural disaster management applications need indoor LoD definitions that are
more general than CityGML LoD 4 in different phases of disaster management

circle.
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Apart from disaster management, 3D urban models constitute spatial visualization
or analysis environment for many other application areas like cadastre, planning,
traffic, tourism etc. The large extent of the application area and the developing
technology urge that more research is carried out about standardization for the
interoperability issues. These are certain application areas that come to mind in the
first place. Further application areas may also take advantage of an indoor LoD
hierarch. As it was mentioned in the previous parts, spatial data infrastructures
provide the rules of the required interoperability environment. Moreover, the
CityGML of the OGC is a standard that focus on the 3D urban models. The
proposed indoor LoD hierarchy is considered together with CityGML to improve

the existent standards.

In the 3D urban modeling literature, the subject of the indoor LoD is usually
handled under the general 3D urban information meta-model approaches.
According to Billen et al. (2008), a unique building object can contain sub-units,
which have different attributes in the thematic, administrative and cadastral senses.
Consequently, there should be indoor LoD definitions as for the outer parts. Their
indoor LoD definitions have three different generalization levels (figure 3.8). In
LoD1, generalized polyhedrons take place if these generalized polyhedrons have
some openings at LoD 2, which link up the internal sub-spaces, and at the most
detailed indoor LoD definition, LoD3 has an identical opening but there is no
generalization at this time. At the end, these three indoor LoD definitions are

connected to the LoD4 of CityGML.
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Figure 3.8. Building indoor LoDs (Billen et al., 2008)

Zhu and Hu (2009) drew a house property-oriented framework. They mentioned a
weak side of CityGL in their study. According to Qing and Ming-Yuan (2009),
CityGML is a good abstract framework for 3D building geometry. On the other
hand, CityGML’s semantic definitions are limited to just structural components
(room, window, door etc.), but not real property objects like storeys or living units.
This semantic classification approach is the same approach as the one adopted in
this dissertation, which forms the basis of the indoor LoD proposal. The hierarchical
geometric LoD framework outlines indoor and outer detail definitions in a three-
level framework with five different LoD definitions. This three-level geometric
framework, which starts with 2,5D horizontal level for horizontal partitioning on
land block scale in the LoD2 of their framework vertical partitioning, constitutes the
main concern and this level is named as the vertical level. Finally, at the third level,
which has the most detailed model object definitions, indoor LoD definitions are
located. The name of this level is 3D interior level, which has three different indoor
LoD definitions. LoD3, the first level of 3D interior levels, has storeys e.g. within a
residential building. LoD4 is described with minimal spatial portions of real
property unit (living unit). Finally, the definition of LoD5 of this framework
corresponds to the LoD4 of CityGML, involving indoor details with entire details

like roof, walls, doors and windows (figure 3.9).
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Figure 3.9. Zhu Qing and Hu Ming-Yuan 2009, the description of hierarchical

levels of detail

Yuan and Zizhang (2008) propose a framework by combining Building Information
Modeling (BIM) and 3D GIS capabilities for indoor navigation. BIM is an
information-rich model for building generation and management. It covers 3D
geometry and semantic definitions like CityGML. 3D urban models are used to

generate graphs that are used for indoor navigation.

Karas et al. (2006) also use 3D building models as the main input for 3D graph
generation. 3D indoor navigation or network analysis applications could be a key
element for the response phase of the disaster management circle. The outputs of
such an analysis can reduce the time spent by search and rescue teams; besides,
escape routes, which might be communicated to the community in the preparedness

phase, can be a lifesaver for large numbers of people. The proposed indoor LoD
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hierarch can be adapted to these types of 3D graph generation algorithms. Rougher

detail levels could be beneficial for upper-scale disaster management applications.

Billen (2000), Billen et al. (2008), and Zhu and Hu (2009) stated different
definitions of urban abstract space apart from urban physical object definitions. In
an urban-related visualization, the discrimination of the thematic subdivision on a
separate building object could be more important than the physical components.
The depiction of urban object composition given in Billen (2000) is a good
example. According to this study, urban space is subdivided into two, urban abstract
space and urban physical space. Current spatial data infrastructures mainly focus on
urban physical space definitions, but under the concept of urban abstract space,

thematic, cadastral and administrative subdivision definitions could be done (figure

3.10).

A. Thematic Subdivision B. Cadastral Subdivision C. Administrative subdivision

o &

Urban Abstract Space

D. Urban Physical Space

E. Urban Block F. Network G. Physical environment

Urban Space

Figure 3.10. Some physical and fictious objects composing the urban space (Billen,

2000)

In an urban space, these types of abstract definitions can be increased, but generally,
thematic subdivisions originate from the cadastral subdivisions, which mean that
different areas with varing theme are owned by different holders and an inherently

administrative status automatically emerges. For this reason, the thematic
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subdivision of urban abstract space are considered for the basics of the proposed

indoor LoD hierarchy.

The proposed indoor LoD definitions are fully integrated with the LoD definitions
of CityGML. Its notations are parallel with five level definitions of LoD. In LoDO,
there is no 3D, thus the indoor definitions start with LoD1 with indoor which is
denoted as LoD1,5 to LoD3,5. There is no LoD4,5 because LoD4 already covers
the indoor details (figure 3.11).

Without interior detail With interior detail
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Figure 3.11. The proposed LoD hierarchy with indoor representations

In the proposed LoD hierarchy, each of the LoD1, LoD2 and LoD3 outer detail
definitions is associated with the related indoor definition and notated with a half
after the integer part, for instance, for LoD 1 with indoor. Semantic definitions are

performed with real building objects, which are;
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e LoDI1 with indoor notated as LoD1,5, the corresponding building object is
storey (figure 3.12)

LoD1 LoD1,5

Figure 3.12. A sample representation of LoDI building outdoor and the

corresponding indoor representation

e LoD2 with indoor notated as LoD2,5, the corresponding building object is

compartment (figure 3.13)
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Figure 3.13. A sample representation of LoD2 building outdoor and the

corresponding indoor representation
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e LoD3 with indoor notated as LoD3,5, the corresponding building object is
apartment (figure 3.14)
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Figure 3.14. A sample representation of LoD3 building outdoor and corresponding

indoor representation

e The demonstration of LoD4 on the same sample building representation

could be similar to figure 3.15.
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Figure 3.15. The same building with LoD4

31
1

Indoor LoD is controlled by the parameter “i” in the object representation definition

decision rule, which is described in the next chapter. If there is an indoor
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penetration, decision rule is taken into account by adding a half to the integer LoD
result. The “i” parameter may also be used if there is an indoor detail request by the

user.

3.2.2 Hazard Related Components

Natural hazards constitute the context of the intended 3D urban model obtaining the
correct characteristic features by using the proposed framework as a communication
tool. Therefore, the hazard-related components are the main ingredients of the
framework and handled in the first step together with the user and elements at risk

definitions of the visualizations.

The hazard-related components are represented by the hazard characteristic medium
in the framework. The hazard characteristic medium could be an entity represented
by an object (e.g. as in the Eskisehir Earthquake application; hazard characteristic
medium is the vulnerability index value of each building, which is an abstract
entity). On the other hand, in some natural hazard visualization applications, it
might turn out to be a process represented by a model (e.g. as in the Fethiye
Tsunami application; hazard characteristic medium is sea surface, which is a

process figured out by mathematical models).

Physical modeling represents the design and operation of systems that are based on
or derived from physical phenomena (in this case natural hazards). The modelled
phenomena can have different processing characteristics, such as mathematical,
data driven (layer-based analogue map or GIS) or a combination of both. According
to another definition of modeling, with respect to the processes, models have two
different points of view. In the first one, a set of independent elements and any kind
of relation between these elements are described; this view of model is described as
the static model. In the second one, which is the dynamic model, the behaviour of
related elements is described over a period. If the sample applications are assessed
according to these definitions, the first could be classified as a static and the second
as a dynamic model application. The process modeling approach of the natural
hazard visualization cases is used to define the data representation of hazard

characteristics medium. For example, if the process uses a mathematical model,
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complex data representations like voxel-based volume modeling technique may be

needed. Static models, which can be given as description of a set of object and

relationships, might require using boundary models.

These two different points of view define the hazard characteristics medium

representation; at the same time it also defines the needed data indirectly, for the

temporal resolution of the data needed is denser in the dynamic view than in the

static view. Table 3.2 gives the required data items and their spatial and temporal

resolutions.

Table 3.2. Earthquake and Tsunami risk assessment processes and data needs with

spatial and temporal resolutions, (adopted from Van Westen and Georgiadou, 2001

and Yalciner et al., 2005)

Risk Spatial
Disaster assessment  Data type resolution Tempo.r al
resolution
Process (m)
Earthquake Structural Historical events 10-1000 Days
Faults 5-10 Decade
Land use 1-10 Years
Lithology 30-100 Decade
Soil mapping 10 - 30 Decade
Geomorphology 1-10 Decade
Physical Road network 1-10 Years
accessibility Average speeds 1-10 Years
Emergency service 1-10 Years
locations
Socio- Economic 1-10 Years
economic Demographic 1-10 Years
parameters Social 1-10 Years
Tsunami Generation  Faults 5-10 Decade
Historical events 10-1000 Days
Geomorphology 10 - 30 Years
Propagation = Bathymetry/topography  1-10 Years
Rupture characteristic 10-1000 Days
Run-up Land use 10-1000 Months
Detailed topography 0.1-1 Months
Slope movement 0.01 Days
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Although natural hazards affect urban areas, they have different underlying
processes operating in Earth’s system, which should be considered in the
framework. For example, earthquakes develop beneath the surface of the Earth,
landslides occurs on the earth surface as meteorological hazards (e.g. windstorms)
develop in the air and floods and tsunamis develop in the water. Type of natural

hazard is used for hazard characteristic medium definition.

The relation of the hazard processes with the utilized visualization platforms is
depicted in figure 3.16. According to this operation flow, the results of the disaster
simulation models are integrated into the visualization environment as a base for the
other spatial database objects like buildings. In the implementation section of the
dissertation, case study applications are conducted by using such a workflow to

integrate hazard medium and urban model objects.

visualization platforms like GIS, VR |—

various hazards

earth surface factors

weather information

hydrological information historic disaster data |

geological inforamtion

disaster data simulation
spatial database re-construction

infrastructure

buildings visualized application

Y
resemblable?

social information

No
economic information -
modifing hazard
simualtion model base [ parameters

!

numerical analysis methods

modifing simulation
model parameters

Figure 3.16. The operation flow of digital disaster simulation theory (Wang et al.
2006)
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3.2.3 Terrain Component

Terrain implied in this section is a digital file that contains the elevation information
of the study area. In GIS, the term digital terrain model (DTM) corresponds to the
landscape. DTM is a sort of digital elevation model (DEM), which is a more general
term that covers DTM and digital surface models (DSM). The difference between
DTM and DSM is that DSM contains man-made objects like buildings while DTM
includes only surface of the Earth. In these visualizations which are the subject of

the framework, urban objects and hazard medium are visualized over the DTM.

Landscape paintings were the starting point of cartography and the related sciences.
The first drawings to be considered as cartographical were found in Catal Hoyuk,
now within the province of Konya, Turkey. The concept of perspective, which was
the central innovational idea of the Renaissance art, also affects cartography (figure

3.17).

Figure 3.17. Leonardo da Vinci’s maps of Tuscany (Mach and Petschek, 2007)

The first digital elevation models (DEM) were created by Miller and Laflamme,
(1958). The most challenging part of DTM generation is finding information on
height. Basic data sources for DTM generation are (Mach and Petschek, 2007);
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e Existing geometrical data (in the vector or raster format)
e Image data from aerial photographs or satellites images
e Laser scanning output

e GPS measurement

The collection of the required data is not sufficient to create DTM visualization.
The surface generation functions of the GIS software are needed to convert discrete
measurements to continuous representations like Triangulated Irregular Network
TIN or grid DTM. Today, most of the GIS software provides probabilistic (Kriging)
or deterministic (Inverse Distance Weighting (IDW)) surface generation functions.
The generated surfaces could be handled in 3D form in the visualization tools which

are specially created for 3D visualization (figure 3.18).

Vector data integration is also available in these tools. The integration of the
visualization components (urban objects, DTM and hazard medium) to generate a
complete 3D urban visualization environment is introduced in the implementations

chapter.
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Figure 3.18. The process steps of DTM visualization (adopted from Mach and
Petschek, 2007)
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CHAPTER 4

OBJECT REPRESENTATION

In this chapter, the analysis of representation requirements of urban model objects,
which was defined in the previous chapter, is analyzed especially for the building
objects. Representation requirements demonstrate which type of object
conceptualization is the most appropriate to come up with a decision tool, which has

a fine communication capability for the user.

In order to find the most appropriate object representation, a definition rule is
proposed. To meet the most appropriate object representation and to develop a
decision rule, spatio-temporal characteristics of natural hazards and urban should be
examined. After a general introduction to the spatio-temporal characteristics of
natural hazards and urban is completed, the parameters for the generation of the
proposed decision rule are introduced. In the second part of the chapter, the
hierarchical structure of the utilization of the proposed decision rule is explained.
LoD definition rule includes a hierarchical structure depending on the scale. The
scale definition of the application depends on the prevalence of the natural hazard
or sources that can be allocated to the intended visualization issue. On the highest
scale, the entire city spot is considered as a whole. In sub-scales, the decision of
object representation is generated by decision rule for urban zones (which is

determined considering the urban characteristics) or for each single building object.
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4.1 Background

To establish an association between natural hazards and the urban element of 3D
natural hazard visualization issue, a natural hazards classification approach is
required. This classification should be done considering their characteristics. The
parameters of spatial and temporal characteristics play a key role in this connection.
These urban and natural hazard-related spatio-temporal characteristics can give
some clues about the intensity or prevalence of the natural hazard and the
vulnerability of the considered urban environment. However, in this case the

representation requirements of the modeling objects should be determined.

In order to establish a link between a natural hazard and a particular 3D model, two
groups of criteria must be considered, namely hazard and urban. While the hazard
criteria attempt to classify the hazard, urban criteria take into account the

characteristics of a specific urban area.

In the literature, disasters are classified according to their cause, i.e., natural or man-
made/technological (Mitroff, 1988; Haddow and Bullock, 2003; Shaluf, 2007)
(figure 4.1), and natural disasters that are a subclass of disasters can be classified
according to their environment, i.e., atmosphere-, hydrology-, lithosphere- and

biosphere-related (figure 4.2) (Richardson, 1994; Kaplan 1996).

Disaster
v v L 4
Man-made disaster Hybrid disaster Natural disaster

Figure 4.1. Disaster types (Shaluf 2007)
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Natural disasters

v v v v

Natural phenomena Natural phenomena of Metrological/hydrological Biological
beneath the earth’s complex physical origin phenomena phenomena
surface at earth’s surface

Figure 4.2. Natural disaster types (Shaluf 2007)

In general, there is no adequate scale to compare the magnitudes of different types
of natural hazards. Magnitude comparison could be accomplished using scales that
have been constructed taking into account the effect of the natural disaster on socio-
economic and physical environment; these scales are specially devised for certain
hazard types, and were developed to enable the comparison of different hazard
incidents. Examples of such scales include the Modified Mercalli earthquake
intensity scale (Wood and Neumann, 1931), the tsunami intensity scale (Soloviev,
1978), the volcanic eruption scale (Tsuya, 1955; Newhall and Self, 1982; Fedetov,
1985) and the landslide damage intensity scale (Alexander, 1986).

The intensity of the hazard and the extent of its spatial effect on affected areas form
the basis of urban modeling studies. In the literature, no sophisticated classification
method exists to compare the spatial effects of different types of disasters. Burton et
al. (1993) presented six parameters for assessing the potential impact of a natural

disaster. These parameters are;

Frequency reflects the time interval in which a natural disaster occurs. For
example, an earthquake may occur with a lognormal frequency, while a

landslide may occur seasonally.

Duration is the period of time over which a disaster continues. Hence, it
may range from seconds to years. For example, earthquakes occur in
relatively short periods, while certain landslide types (e.g. creeping slopes)

are long-term processes.
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Spatial Dispersion refers to the pattern of the distribution of a hazard over
the geographic area in which the hazard may occur. This parameter ranges

between small to large.

Speed of Onset is an important variable since it determines the warning time.
Most extreme disaster types such as earthquakes, mudflows and flash floods
give virtually no warning. Other disasters such as creeping slopes, drought

and desertification act slowly over a period of days, months or years.

Areal Extent is the spatial density of the disaster on the Earth surface, e.g.

the earthquake zones are limited as the tectonic plates govern them.

Temporal Spacing refers to the sequencing and seasonality of disaster
events. Some disasters occur with no seasonality like volcanoes while others

are seasonal in nature, such as hurricanes, tropical cyclones, and floods.

These parameters provide sufficient background to find the proper 3D spatial object
representation needed for the proposed framework. Figure 4.3 presents a graphical
representation of this approach. As can be seen, a hazardous event that occurs
frequently, with a long duration and a fast speed of onset, over a large area causes
the most pervasive effect to the urban environment. For example, urban earthquakes

can be a more prevalent hazard than landslides.
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Figure 4.3. Hazard prevalence level of earthquake and landslide cases (the flat line
represents an earthquake, and the dotted line represents a rapidly moving landslide),

adopted from Burton et al. 1993.

4.1.1 Hazard-related Criteria

The classification given by Burton et al. (1993) is used as the starting point in the
proposed decision rule. Disaster classification parameters defined by Burton et al.
(1993) constitute an adequate qualitative background, but in addition to these, the
association between hazard and urban elements of the desired visualization requires
quantitative indicators. The index of prevalence is an index of this type, generated
to come up a comparable, and most importantly, an assessable indicator. To obtain
such an index, index entries must be measurable values, e.g. spatial extent measured
by the area hit by a natural hazard. Frequency, duration, speed of onset and spatial
dispersion parameters with indoor penetration are taken into account as they are

found to be sufficient to generate a disaster prevalence index.

Burton’s last parameter ‘temporal spacing’ is not applicable to the framework,
because the relation of temporal spacing with spatial and temporal definitions of 3D

urban models can not be clearly defined.

Some natural hazards commit their fatal effects on built environment through the

intrusion of hazard material into the built structure. This material can be soil, mud
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or rock in landslides or water in floods and tsunamis. The parameter of Indoor

penetration is used to determine the indoor LoD. For instance, storey level indoor

representation would be beneficial in a tsunami case that has relatively large spatial

dispersion, so the prevalence index value is high. This means the course

representation with indoor is suitable for a large area.

A classification, which constitutes the final version of the hazard-related criteria set

to compare the characteristics of hazardous event, is developed and published

thoroughout the course of PhD study (Kemec et al., 2010). According to this

approach, five subcriteria reflecting the prevalence of the disaster are defined as

follows:

The Frequency reflects the time interval between the occurrences of two
natural disasters. In this criterion, spatial comparison is carried out with a

relative frequency distribution approach.

The Duration is the period of time over which the disaster continues. Hence,
it may range from seconds to years. For example, earthquakes occur in
relatively short periods, while certain landslides types (e.g. creeping slopes)

are long-term processes.

The Speed of Onset is the length of time between the first emergence of the
hazard event and its summit. It is an important variable since it defines the
warning time. Extreme events such as earthquakes, mudflows and flash
floods, volcanic eraptions are sudden onset disasters. Other disasters, such
as drought and desertification,creeping landslides act slowly over a period of

days, months, or years.

The Spatial Dispersion refers to the spatial distribution pattern of natural
hazard occurrences. Depending on the scale, spatial analysis entity could be
a point, a line, or a polygon. That is, the pattern of a landslide could be
analyzed by a point in a small-scale occurrence or a polygon in a large-scale

case.
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4.1.2

The Indoor Penetration refers to intrusion of hazard material (e.g., soil,
mud, or rock in case of landslides, or water in cases of floods and tsunamis)
into built structures. This parameter addresses the question of whether and to
what extent indoor LoD is needed in the visualisation (note that the amount

of detail needed may differ from case to case).

Urban-related Criteria

In the 3D object representation decision rule, three parameters are introduced as the

urban-related criteria, the second element of the visualization issue, in addition to

the hazard-related criteria.

Urban systems are complex, comprising physical and socio-economic subsystems.

Moreover, an urban texture settled on a highly vulnerable, small area with a high

population density makes these complex structures difficult to understand, hence

there is a need for a more detailed approach. Urban areas can be characterised by

three subcriteria (Sudhira et al., 2004; Kemec et al., 2009). Two of them are

physical parameters (natural and manmade), and the other one is a social parameter:

The Disaster Susceptibility is the spatial density of the disaster, and it is
defined by the physical susceptibility the urban land. The parameters, which
are taken into account to achieve this physical susceptibility, vary from
hazard to hazard. For example, in small-scale earthquake zones they are
limited as tectonic plates govern them. On the other hand, on large-scale

alluvium ground is more vulnerable than rock one.

The Urban Areal Extent is related to the size of the urban area. An area with
a population above 5000 and without an adjacent settlement within a 3-km

buffer zone is assumed to be an urban area (Balk and Yetman 2004).

The Population Density is defined as the number of people residing within
one hectare. Urban textures with a high population density need more

detailed visualization approaches than ones with a low population density.
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4.2 Proposed Decision Rule

The proposed decision rule is used to establish a link between these two
classification systems (hazard and urban). The decision rule is based on multi-
attribute decision rule described by Malczewski (1999). The aim of Multi-Attribute
Decision Analysis (MADA) is to choose the most suitable alternative using decision

criteria and attributes.

The decision is made by applying four main MADA attribute combination rules
(Malczewski, 2006): weighted summation, ideal/reference/point, outranking
methods and analytic hierarchy process (AHP). The first rule assumes that all
attributes have a linear relation with the decision. This linear relation implies that
the decision can be made by adding the standardized values of the attributes. The
weights are often obtained simply by asking the decision-maker to assign numerical
values directly to each criterion or sub-criterion according to a pre-defined
maximum and minimum quantisation scale (i.e., 0-1 or 0-100). In the second rule,
there is an assumed theoretical ideal solution, and the set of possible alternatives is
ordered according to their closeness to this hypothetical ideal solution. The closest
alternative to this point is chosen as the best alternative (Malczewski, 1999). The
outranking method deals with situations in which some attributes have incomplete
values. This method provides only an indication for the ranking of alternatives

(Malczewski, 2006).

The AHP methods work based on three principles: decomposition, comparative
judgment and synthesis of priorities. Decomposition requires that the criteria must
be grouped accordingly, while comparative judgment requires careful consideration
of the place in the diagram, and finally the synthesis of priorities refers to the
consideration of the branches in the diagram. These principles are applied to
construct the hierarchy (Malczewski, 1999). The AHP method is regarded as the
most appropriate one for the decision rule of the proposed framework since the

weights of the attributes for the situations cannot be considered equal.

The decision rule parameters of 3D urban model object representation definitions

are used to achieve the so-called prevalence index of different hazard types and for
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different urban areas. The hazard-related criteria part of the index is obtained from

the parameters of frequency, duration, speed of onset and spatial dispersion.

Each parameter is normalised to obtain a value on a scale from one to five. Each of
four parameters that form the shape of the prevalence function is related to a hazard
type. The cumulative evaluation of these parameters constitutes the hazard-related
part of the prevalence approach, which aims to relate the hazard type and the spatial

characteristics of the desired 3D urban model.

Disaster Susceptibility, Urban Areal Extent and the Population Density parameters
constitutes the urban-related criteria of the decision rule. They are used for the
target city to evaluate the LoD level of the desired 3D urban model. If a hazard
occurs in an urban area which is settled on a highly susceptible terrain and which
has a high areal extent and low population density, it causes pervasive effect to this

environment.

The AHP approach is applied to build relations between different criteria and their
attributes in the rule-based diagram (figure 4.4). The criteria examined in this study
are the evaluation principles that are applied in the decision-making process. Some
criteria may also have subcriteria. All of the criteria (subcriteria) have measurable
attributes, which take on well-defined values. The values are used ultimately to

compare different alternatives.
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Figure 4.4. Rule-based decision diagram

According to the decomposition principle, the relation of the criteria to the decision
is organised in a decision diagram (figure 4.4). The decision diagram consists of
three levels, at which the criteria, subcriteria and attributes are placed. The weights
of the attributes are derived from the location of the attribute in the diagram, where
branches at the same level have the same weight. For example, the hazard criteria H

and the urban criteria U both have weights of 50%.

Decision diagram assists stakeholders by making a decision to find the required 3D
model. As it is mentioned earlier, there are two main categories of criteria that
influence this decision: hazard and urban. Therefore, these are found at the first

level below the root of the diagram. In the second level of the decision, the two
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subcriteria of the hazard are placed: one subcriterion relates to the spatial
characteristics Hs and the other relates to the temporal characteristics of the hazard
Hi. The third level contains the attributes of the subcriteria. While Spatial
Dispersion represents the spatial characteristics of hazard (H;), the temporal
characteristics of hazard, H; are given by the attributes of Speed of Onset, Duration
and Frequency. The Urban Areal Extent, Disaster Susceptibility and Population
Density are the attributes of the urban-related criterion U (figure 4.4). The urban
criterion does not have subcriteria. Using this approach, all of the characteristics as

specified in Section 2 are organized into a decision diagram.

Following the AHP approach, the weights of the attributes are derived as follows;
Urban- and hazard-related criteria have the same effect on the decision, so they
have equal weights. Similarly, each temporal and spatial hazard subcriterion has a
50% weight. The attributes of each of the subcriteria also have equal weights. As
the urban criterion does not have subcriteria, its attributes are given higher weights
compared to the attributes of the hazard criteria. Thus, three urban-related attributes
have weights of 16,7%, while the temporal and spatial hazard attributes have
weights of 8.3% and 25%, respectively. The synthesis of all these weights
constitutes the decision priorities. However, the assignment of weights can be

modified based on the judgement of decision makers.

The decision diagram is further used to derive a mathematical expression to
compute the output of the 3D model and, more specifically, the LoD. A function
prevalence index (lp), which together with the indoor penetration i, defines the LoD
of the 3D model, is defined.

The function |, is defined as the product of the hazard and urban criteria. The
prevalence function represents the risk of hazard. In general, the risk in a given area
is defined in the literature as the product of the hazard potential and its
consequences (Duzgun and Lacasse, 2005; Basta et al., 2007), or the product of
hazard, elements at risk and vulnerability. The elements at risk in this case are given

by the urban criteria. Therefore:
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I, = (Hx U), (1)

where |, is the prevalence index, H is the value associated with the hazard-related
criteria and U is the value associated with the urban-related criteria. H can be
subdivided into contributions from temporal and spatial subcriteria:

2
H=H; + H; @

where, Hy is the value associated with hazard temporal subcriterion and H the value
associated with hazard spatial subcriterion. The temporal subcriterion has three

attributes: speed of onset, duration and frequency:

_ (3)
Ho = ((f+d+s0)/3)

where f is the frequency, d, the duration and s, the speed of onset. The spatial

subcriterion has one attribute, spatial dispersion, is the sq simply equal to H.

The urban criterion does not contain subcriteria, but has three attributes, as specified
carlier: disaster susceptibility, urban areal extent, and population density; therefore,

it can be represented as:

U =(ds+ue+p)/3) 4)
where, ds is the disaster susceptibility, us is the urban areal extent and p, the
population density. Substituting (2), (3) and (4) into (1) results in the extended
representation of |, with all of the attributes:

lp=[(ds + tae = p)/3) x (S0 +d+6)/3) +54)/2)] )

In the decision rule, I, can vary between 0 and 100. Figure 4.5 represents the

relation between I, and D.
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For I, = 0, the function f(D) gives the most detailed result. However, this case
should be interpreted as one in which modeling is not required; hence the partial
function of (6) eliminates this case. The normalised intensity value lpnorm is defined

as:

Ipnorm: ((Ip = Ipmax) / (Ipmin - Ipmax)) X 4)round (7)

where I,max 1s the maximum prevalence value and I;mi, is the minimum prevalence
value. Attribute values are rated in the prevalence direction, which means that a
high |, indicates a pervasive situation that requires low spatial detail and a low I
indicates an intensive situation requiring high spatial detail. An inverse linear
transformation is applied with four levels of quantisation, because there are five
different alternatives with respect to LoDO0 to LoD4. The obtained result is rounded
because the LoD must be an integer (0 to 4). Finally, the required LoD, denoted

with D, can be computed as follows:
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D = Ipnorm™ i/2 (8)

The indoor penetration attribute i is a Boolean value that indicates whether there is
indoor penetration (1) or not (0). Thus, an integer value of D implies that there is no
need for indoor modeling, while the opposite is true otherwise. For example, in the
case that D equals 2.5, the required 3D model will have an outdoor LoD of 2 (as
defined in CityGML) and an indoor LoD that is compatible with the outdoor LoD

for a building, which means the indoor LoD of floor compartment level is needed.

4.3 Proposed Multi-Scale Conceptual Model

The proposed decision rule for the representation definitions of the model objects at
the phase of the analysis of representation requirements in the framework is a
generic rule and applicable to the cities, city zones or directly to the building object
itself. This is because the spatial dispersion of different natural hazards varies. The
effect of the earthquake may be at of multiple cities. On the contrary, a landslide
may hit only one building or a group of buildings. Therefore, the application of the
decision rule needs a multi-scale conceptual model to evaluate all the different

natural hazard conditions.

In this context, the research into the definition of the city zone matches the small-
scale geography concept discussions. In the urban geography literature, there are
two main directions to explain the city zones, also called, urban segregation.
Actually, city zone and partition summarize these two approaches. According to the
first approach, city zones are purely the result of public requests (Rossi, 1955;
Speare et al., 1975). Partition on the other hand, underpins institutions, and public

intervention, which causes an urban segregation (Pahl, 1975; Galster et al., 1987).

Aside from these traditional enlightenments, current understandings on the subject
integrate with the cities in developing countries. The cities in the developed
countries have a functional partition; the homogeneous parts constitute the whole.
However, the situation is quite different in the developing countries. In addition to

the physical reasons which led to urban partitioning, the subject has social origins.
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These could be associated with the concepts of globalization and neo-liberalization.
Eventually, this kind of partitioning resulted in the formation of urban zones with

heterogeneous structure (Evren, 2007).

Detailed approaches to dealing with this heterogeneous structure are needed to
generate applicable disaster management strategies. To this end, the framework
proposes a multi-scale 3D urban model evaluation approach. According to this
approach, a three-level evaluation is defined. At the top level the evaluation of
urban model object representation is executed on the whole city scale by using the
proposed decision rule. If necessary, more detailed studies are conducted on the
urban zone scale at the second level. Again if necessary, the most detailed decision
evaluation is carried out at the third level, in which the evaluation is executed for

each building object (figure 4.6).
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Figure 4.6. Three-level urban object evaluation approach
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There is no problem about evaluation at the top and the lowest levels but an urban
zonation is needed to find the Sub-urban zones for the evaluation at the second
level. As it was mentioned in the previous parts, this issue is more complicated in
the developing countries when compared to the developed ones. The US Census
Bureau’s geographic hierarchy can be given as an example of a solution in a

developed country.

The US Census Bureau uses legal/administrative and statistical geographic entities
to provide a geographic hierarchy (figure 4.7). This hierarchy starts from the nation
level and ends with blocks (Bureau of the Census, U.S., 1994). Census Block is the

smallest entity, bounded on all sides by visible and non-visible map features.
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Figure 4.7. Geographic Hierarchy for the 1990 Decennial Census (Bureau of the
Census, U.S., 1994)
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In Turkey, there are no such geographic hierarchy approaches. The smallest
geographic entity, neighbourhood, is an administrative definition. Most importantly,
a neighborhood does not have homogeneous social and physical characteristics. In
the dissertation, an urban zoning approach is suggested to find homogeneous urban
zones and to come up with a representation definition decision of these zones at the
second level. The proposed approach uses building pattern physical characteristics
attributes to find the desired zone definitions, because the physical characteristics of

a building texture is the key for 3D representation.

4.3.1 Sub-urban Level Zoning by Building Spatial Pattern

The recognition of building pattern and the definition of zones with similar building
pattern are new in cartography and urban modeling. In this study, two different
approaches are tested to find the resultant maps and their conformity for the needed

urban zones in the framework. These approaches are;

o Self-organizing Maps (SOM)

o Image segmentation

At the beginning of the application of the zonation approaches, some data
conversion operations are required in the data preparation stage. There are certain
reasons for this requirement. First, in both zonation approaches, while some of the
attributes used are measured by using polygon data model functions (e.g. Polygon-
based measurements, area and perimeter), some are measured by using point data
model functions (e.g. Point-based measurements, density and distance related
measurements). Another important reason is that the resultant of these applications

should be in a zone form that does not have spaces in between.

The first step of these conversions is given in figure 4.8 and figure 4.9, where a
point data layer is created by converting the building polygons to the point data
(figure 4.8). Then, point to polygon conversion (figure 4.9) is applied via

voronoi/thiessen polygons to come up with the desired polygon based zone outputs.
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The created voronoi layer, which contains the computed spatial attributes,

constitutes the main input of the tested zonation approaches.

_Ey

Figure 4.8. Polygon to point conversion

-

Figure 4.9. Point to polygon (voronoi/thiessen) conversion

In the literature, these zonation approaches could be appraised in the multivariate
cluster analysis. In spite of the variety of the application areas and its convenience,
cluster analysis is new technique. The definition of the cluster analysis could be
done as an analysis, which looks for the information organization between the
introduced attributes to obtain homogeneous zones or clusters. Spatial clustering is
the task of grouping the objects of a database into meaningful subclasses (Azimi
and Delavar, 2007). The difference of spatial clustering from traditional clustering
algorithms is that spatial information is taken into account as a component in the

spatial clustering methods.
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Apart from the positional information of the input entities, the employed approaches
are applied by using three different attribute groups. These attribute groups
characterize three different aspects of the studied urban pattern, which are building
geometry, density with derived spatial attributes, and density with kernel density

function. Attribute groups with contained attributes are;

e Building geometry;
0 The perimeter of the polygon building object
O The area of the polygon building object

e Building density;
0 Distance from the nearest building
0 The number of neighbors within the distance of 100m

O The area of the voronoi/thiessen polygon

e Kernel density raster is created by using the kernel function of ArcGIS
software. Moreover, the raster result of the function is used to generate

building weight attribute, which is used as a non-spatial component.

In addition to these three zonation alternatives, a fourth zoning alternative is
configured by using the districting module of ArcGIS software. In this alternative,
expert opinion via visual interpretation is performed by using the same software
tool. Figure 4.10 represents the visual interpretation environment created by voronoi
polygons, which are formed by using point entities created at the point of building

object centres.
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Figure 4.10. Building centre points and voronoi polygons produced by these points

The methods tested in the study for Sub-urban zonation, that is, clustering, are used
to automate the zonation process. In an urban environment, the formation of
building texture is effected from social, physical and economical factors, so that
even the clustering algorithms can automate the process of small statistical area
(SSA) generation, and replacement with manual approaches based on expert
opinion seems difficult. Consequently, the result of the zonation based on expert
opinion (figure 4.11) is used as a reference zonation to assess the results of two

tested zonation methods for three different approaches.
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Figure 4.11. The result of the zonation based on expert opinion, used to assess

clustering results.

4.3.1.1 Self-organizing Maps (SOM)

Determination of small area geography in the form of sub-neighborhood zones is
particularly important in all types of urban planning and modeling studies, but it is
difficult due to the high dimensionality of the spatial pattern data. The SOM
algorithm is a robust technique to deal with this problem. U-matrix and the
component plane representation have been utilized to determine the zones in

building spatial pattern.

Kohonen (1995) introduced the SOM algorithm for the first time for basic
information processing of cortical cells in human brain. The SOM is an artificial
neural network method employed to map multidimensional data on a space with
lesser dimensionality. It can be used to dig out information in complex data such as
clustering. The SOM is mostly acknowledged as being a useful tool for the

extraction of patterns and the creation of abstractions where the other clustering
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methods could be limited because underlying relationships are not clear or the

number of classes of interest is not obvious (Koua and Kraak, 2005).

Blake and Openshaw (1995) summarized the advantages and disadvantages of the
SOM algorithm. The mentioned advantages of the SOM method are;

e Use of raw data

e The self-organising nature of the SOM

e The incorporation of data uncertainty into the classification

e Simplicity in terms of coding

e Enabling prior knowledge into the classification process

e Rich content of the results

e Reduction in the importance of knowing cluster number precisely
e Easy interpretation of cluster

e Non-linear nature

The shotcomings of the method are;

e Extensive computer run time for large data sets
e Entirely subjective design aspects

e The current absence of experience in interpreting the results

Skupin and Hagelman (2005) combined the SOM method with the integrated
handling of 2D visualization and attribute information provided by GIS. Besides,
Fincke et al. (2008) emphasized the importance of the u-matrixes to analyze the

SOM results, as u-matrixes allow the clustering of the available data.

The software package employed for the SOM for the development of sub-
neighborhood clusters is GeoSOM suite v2.01 on MatLab. In the GeoSOM software
package, spatial information can be introduced in the SOM process. After three
traditional SOM applications with non-spatial components (in this case these are
area, perimeter, or density measurements), the hierarchical SOM and GeoSOM

tools could be usable (figure 4.12). Spatial information using the GeoSOM and
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hierarchical SOM tools can be calculated from the input geographic layer (in this

case building voronoi data) or this information can be entered from the tabular data.

Component
SOM

Component
SOM

Component
SOM

Spatial
Component

Figure 4.12. GeoSOM suite v.201 on MatLab process flow

The results of building geometry attributes’ (perimeter and area) SOM cluster (map
initialization is done with 9 classes) and the zonation result obtained at the end of
the GeoSOM method, which is based on the building geometry approach, are given
in figures 4.13. - 4.15.
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e Building Perimeter (figure 4.13)
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Figure 4.13. Building Perimeter attribute SOM cluster result

e Building Area (figure 4.14)
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Figure 4.14. Building Area attribute SOM cluster result



¢ Building geometry approach GeoSOM result (figure 4.15)

Figure 4.15. GeoSOM resultant zonation based on building geometry

The results of the SOM cluster (map initialization is again done with 9 classes) of
building density attributes (Distance from the nearest building, the Number of
neighbors within the distance of 100m, and the Area of the voronoi/thiessen
polygon), and the zonation result obtained at the end of the GeoSOM method,
which is based on the building density approach, are given in figures 4.16. - 4.19.
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® Distance from the nearest building (figure 4.16)
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Figure 4.16. Distance from the nearest building attribute SOM cluster result

® Number of neighbors within the distance of 100m (figure 4.17)
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Figure 4.17. Numbers of neighbors within the distance of 100 m attribute SOM

cluster result
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e Area of the voronoi/thiessen polygon (figure 4.18)
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Figure 4.18. The areas of the voronoi/thiessen polygon attribute SOM cluster result

e Building geometry GeoSOM result (figure 4.19)

Figure 4.19. GeoSOM resultant zonation based on building density
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The result of the SOM cluster (map initialization is again done with 9 classes) of the
Kernel density attribute and the zonation result obtained at the end of the GeoSOM
method, which is based on the kernel density approach, are given in figures 4.20.

and figure 4.21.

e Kernel Density (figure 4.20)
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Figure 4.20. Kernel Density attributes’s SOM cluster result

84



e Kernel Density GeoSOM result (figure 4.21)

Figure 4.21. GeoSOM resultant zonation based on kernel density

Although these results give some negative tips to choose the SOM method, the
GeoSOM zonation result of an integrated assessment (figure 4.22) of three
approaches is generated by combining these three zonations results in order to

compare them with the results of the other clustering method (mean shift).
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Figure 4.22. The combination of three different SOM alternative zonation results

4.3.1.2 Image segmentation

Defining urban zones by using image segmentation is another method that is
commonly utilized. It uses the mean shift image segmentation alghorithim coded in
(Comanicu and Meer, 2002) Edge Detection and Image Segmentation (EDISON)

System software.

Unlike the SOM method, as the name implies, image segmentation is an image-
based method. This method uses raster-based inputs to find the segments of
homogenous zones. The situated segments are used as cluster definitions and the
compliance of image segmentation approach is compared with the other method

tested.

The mean shift segmentation is a non-parametric clustering procedure. In contrast to
other approaches like K-means, there are neither distribution assumptions nor the
number of clusters. Mean shift procedure has three main iteration steps (Derpanis,

2005); at the first step, mean shift vector is computed, and then the computed vector
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is translated to the density estimation window. At the last step, the steps one and

two are repeated iteratively until there is no window centre shift (figure 4.23).
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Figure 4.23. Mean shift procedure. The dotted circles denote the density estimation
windows and the shaded and black dots denote the input data points and successive

window centres, respectively (Derpanis, 2005).

Similar to the SOM method, the values of density, geometry, and kernel density are
measured by using related attributes. To create the needed image inputs, thematic
maps of building density index, building geometry index and an index from the
result of the kernel density function with seven classes are generated. Building
Geometry index is generated by using the attributes of “Perimeter of the polygon
building object” and “Area of the polygon building object”. In addition, Building
Density index is generated by using the attributes of “Distance from the nearest
building”, “Number of neighbors within the distance of 100m” and “Area of the
voronoi/thiessen polygon”. In the last alternative, the index of the Kernel density

value, created by using the kernel function of ArcGIS software, constitutes the

weights of the voronoi polygons.
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A series of conversion processes is executed at the data preparation and post-
process stages. The generated vector thematic maps are converted into the raster
format; at this stage, a background colour other than white is chosen to improve the

contrast, so that the borderline discrimination is easily performed (figure 4.24).
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Figure 4.24. Density index, geometry index and kernel value thematic maps, with

the order from top to bottom, converted into the raster format.
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The generated thematic raster layers are imported to the utilized software. The
analysis is carried out with feature (range) bandwidth, spatial bandwidth, and a
minimum region area (in pixels) as input parameters. The spatial bandwidth (r)
defines the search window by (2r+1) x (2r+1). The spatial bandwidth value used is
50 and the minimum region value is 10000. Larger or smaller region results could

be obtained by entering different minimum region values.

There are three main outputs of the utilized software. These are filtered image,
which constitutes the segmentation input, segmented image, and the other output is
also an image with segment boundaries (figure 4.25, figure 4.26, and figure 4.27).
The last polygon vector layers of all three alternative approaches (figure 4.25, figure
4.26, and figure 4.27) are obtained through raster to vector conversion function by

using the segmented image outputs.
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Figure 4.25. (a) Filtered image, (b) segment boundaries and resultant (c) zonation

based on building density index approach
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Figure 4.26. (a) Filtered image, (b) segment boundaries and resultant (c) zonation

based on building geometry index approach
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Figure 4.27. (a) Filtered image, (b) segment boundaries and resultant (c) zonation

based on kernel function approach

4.3.1.3 The Comparison of the approaches

The SOM method is a very robust method for the clustering of the multi-
dimensional data. Nevertheless, the applied tests showed that the spatial information
used in the GeoSOM step of the utilized software causes highly correlated results.
The zonation results of all three SOM approaches give approximately the same zone

borders.
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The method of image segmentation with building density index gives the most
appropriate Sub-urban zone results. This comparison is made by considering the
similarity between the application outputs and the zonation based on expert opinion

result.

In implementations chapter, the second phase (object representation) of the
framework application, the tsunami case needs a two-level object representation
evaluation. The zonation results of the mean shift approach provide the needed
input zone definitions; each of the four different approaches of the mean shift

method is used to get at a final LoD definition.

94



CHAPTER S

NEEDS ASSESSMENT

Once the conceptual 3D models is established (i.e., with respect to the types of
objects to be modelled and their resolution), the next requirement to be satisfied in
the framework is the generation of the corresponding 3D models. In this section, the
available data and outputs are compared with the results obtained from the

data/processes needs analyses.

In a 3D urban modeling process, the focus lies on the management of multi-scale
geo-referenced 3D wurban data. The following factors influence the model

characteristics, which may vary depending on the purpose of visualization:

*  Modeling environment,

* Spatial accuracy needs,

* Temporal accuracy needs,
=  Model data source,

=  Urban terrain model,

* Building detail level,

* Modelled city furniture or infrastructure

The modeling environment can be CAD, GIS or other visualization environments.
The required spatial accuracy may vary from the order of millimetres to the order of
kilometres in the spatial domain and from hours to decades in the temporal domain.

The available data source is one of the most important parameters, which
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determines the characteristics of 3D urban model. Data gathered with an active or
passive sensor change the method of model generation. If the desired detail level is
high, different supplementary spatial and attribute data is required. The modelled
city furniture and infrastructures are inevitable urban model parameters in a 3D

visualization for disaster risk communication.

Sensor products, available vector data and methods for reconstructing 3D urban
models are important factors in the proposed framework. Risk managers have to be
aware of how much effort and money is needed to obtain an effective 3D model for
visualisation. In practice, this means that a method based on the products of laser
scanning or optical sensors are more likely to be better matched with the resources
of a specific municipality. The selection of products is also dependent on the
desired LoD. For instance, 3D models textured with images always require the use
of optical sensors. The efforts required for creating a detailed 3D model (e.g.,
buildings in LoD3) differ significantly from the efforts needed to obtain a LoDI
model. The proposed framework aims to provide a guideline for risk managers in
municipalities make the most appropriate decisions regarding the resolution of the

3D model.

For example, the required new data and model can be discussed with respect to the
resources of the municipality. Assume that the visualisation of a given hazard may
require a 3D model with LoD4 resolution. However, the municipality may only
have high-resolution stereo aerial images. To come up with the desired product,
they will need additional data such as ground images, building data that contain
detailed indoor information, software for image processing of stereo images, 3D
geographic modeling software and visualisation software to combine detailed 3D
geographic objects and other spatial outputs like terrain models. Moreover, this
modeling process will reveal that there will be a need for a considerable amount of
human resources for the use of sophisticated software. It is up to the decision
makers to find the best balance between the required model and the available

resources.
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In the study, different 3D urban modeling methods are analyzed with a sample
application in order to compare the data and process needs. In this chapter, these

modeling methods are given after the 3D urban modeling background section.

5.1 Background for Three-Dimensional Data Structures for Geo-

Representation

Three-dimensional spatial representation is a branch of solid geometric modeling.
The way in which spatial data are numerically stored, linked, and processed in a

computer constitutes a spatial representation (Lattuada, 2006).

The literature on solid modeling involving spatial representation can be summarized
as follows. First, Jones (1989) reviewed available three-dimensional data structures.
Bitzer and Pflug (1989) and Pflug and Harbaugh (1991) represented the
geoscientists’ view on the spatial representation and simulation of geological
formations. Next, Turner et al. (1989) focused on the effect of scale on the
representation of geo-phenomena. In another study, Vinken (1992) reviewed the
digitization side of geological mapping. Ozmutlu (1999) surveyed the studies,
which focused on geological characterization, geo-representation, simulation and
virtual environment creations for again geosciences. Finally, Schmidt and Gotze
(1998) assessed the requirements of geophysics for three-dimensional solid

modeling.

In the literature of three-dimensional spatial representation, there are two main
approaches to classify the modeling techniques. According to the first approach,
these representation techniques are divided into two main classes, like their two-
dimensional complements — vector and raster. These are boundary techniques and
volume techniques (Raper, 1989). The other approach divided solid modeling
techniques into three (Requicha and Volcker, 1982; Requicha and Rossignac,
1992). These are constructive, boundary, and decomposition techniques. In fact,
these two classifications pointed out the same content; the constructive and

boundary methods of the second classification are aggregated with the boundary
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techniques class in the first classification. Besides, decomposition methods are

given as volume methods in the first one.

Constructive methods are based on simple primitives. Primitives can be used to
make a shape using “constructive solid geometry” (CSG) methods, based on union,
intersection and Boolean operations. Boundary methods are based on
decomposition of the modelled object to the faces, meeting at edges, which join
vertices. Representations using these topological primitives construct boundary
representations (B-reps). B-reps have certain characteristics. They must be closed,
orientable, non-self intersecting, topologically bounded and connected. Boundary
approaches are suitable for spatial representation since they are conservative and
efficient, and they adapt to variable data densities. Finally, the decomposition

2 13

approach involves splitting the model objects into “horizontal slices”, “prismic

columns”, “volume primitives” or regular cubic cells known as “voxels” (Requicha

and Rossignac, 1992).

The characteristics of the modelled 3D spatial objects define the utilized 3D
modeling approach. The discrete or continuous characteristics of the phenomena to
be modelled need different modeling approaches. While the B-reps of boundary
techniques are suitable for discrete objects, the voxel of volume techniques works

for phenomena, which vary in space (Raper, 1989).

As indicated in many different parts of the dissertation, semantic definitions about
city object to be used in the models of the proposed 3D city modeling framework
are constructed on the CityGML of OGC. Moreover, spatial modeling properties of
urban objects in CityGML are represented by the B-Reps, which is a boundary
method of 3D solid modeling (Foley et al, 1995). Therefore, 3D modeling technique

that was considered in the dissertation is limited with B-reps.

5.2 3D Urban Modeling

3D city modeling is an active research topic. The main focus lies on the

management of multi-scale, large area, and geo-referenced 3D models.

98



Architecture, engineering, construction, and facility management (AEC/FM)
domain address more detailed 3D models. On the other hand, computer graphics
concentrates on the visualization of 3D models in which geometry, topology and
data management and manipulations are the main focuses. Geometry and topology
issues of 3D objects was investigated in detail by Molenaar (1992), Zlatanova
(2000), Herring (2001), Oosterom et al. (2002), Pfund (2002), and Kolbe and
Groger (2004). The management of multi-scale models was discussed by Coors and

Flick (1998).

3D city models are generally used by government agencies for urban planning,
public safety studies such as fire propagation, commercial usages including phone,
gas or electric companies, etc. Most of these examples are interested in modeling
buildings, terrain and traffic network in the city model. Models, used for
visualization, can be grouped into three with respect to their data acquisition
methods (Hu et al., 2003; Kerle et al., 2008; Poullis and You, 2009). These methods

are;

e Passive sensors,
e Active sensors

e Various combinations with CAD

Passive sensors record radiation emitted by the Earth to photographic images. The
determination of the geometric properties of objects from these images is the main
concern of the science of photogrammetry. Photogrammetric methods are cost-
effective in large-scale 3D urban models. Terrestrial, panoramic and aerial image
methods are in this group of modeling. There are some example models that are
created from panoramic photos. The basic data source for photogrammetric
methods is aerial images which provide reliable footprint and roof height
information for each building in the model area. Today, 3D city models from aerial
image studies generally focus on extracting accurate roof models from images. Lin
and Nevatia’s model predefines L-, T- and I-shaped roofs and assigns the most
suitable roof shape to the examined building’s roof (Lin and Nevatia, 1998). Stereo

aerial images could also be useful tools for extracting 3D objects (Baillard and
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Maitre, 1999). Lack of information on building fagcade requires additional sensor
data to be acquired for visual realism. Manual and semiautomatic methods produce
more mature results than fully automatic systems. Knowledge-based and machine
learning algorithms are another hot research area for the atomization of this kind of
systems. Nevatia and Huertas (1998) and Bellman and Shortis (2002) are two
examples for such applications. Both of them used knowledge and machine learning

algorithms to improve the performance of automatic building extraction.

Active sensor could be defined as a detection device that emits energy capable of
being detected by itself. Basically there are two kinds of active sensors used for 3D
city modeling: Ground-based and airborne-based. Ground-based systems are ideal
for vertical textures especially for historical structure fagades (Frueh and Zakhor,
2001). However, they provide less accuracy for upper portions of tall buildings and
these systems could not obtain roof and footprint data. Light detection and ranging
(LIDAR) technology is a typical airborne-based sensor and is used for 3D city
modeling studies. LIDAR technology has great potential for the atomization of
modeling issues. However, because of the lack of available data, this modeling

method could not be investigated in the thesis.

Most city model applications use various data sources, which require hybrid usage
of different sensors with CAD data. Each of these data sources and corresponding
modeling techniques has advantages and disadvantages (Ribarsky et al., 2002). Tao
(2006) and Kerle et al. (2008), state that the integration of different sensor products
can be in the form of simple overlay operation or extraction of multi-data
information. The application areas of this integration can increase the
dimensionality by using DSM and 2D images, and furthermore, increasing spatial
resolution is achieved by using high spatial resolution panchromatic images with
multispectral images in relatively low spatial resolution and finally multi-criteria

analysis to assess the natural disaster risk by considering various elements at risk.

As declared at the beginning of this chapter, three methods of 3D urban modeling

are tested with a sample application. These three methods are;
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e Narrow baseline photogrammetry
e CAD-based 3D modeling

e Modeling by stereo images

The first and the last of the listed methods are examples for modeling approaches
with passive sensor products. In addition, the second one could be grouped within
the hybrid modeling approach. Narrow baseline photogrammetry method was tested
with a single building modeling, and CAD-based 3D modeling methods were used
in the application of Eskisehir Earthquake visualization. General information about
these applications is given in this chapter while explanations with greater details are
located in the applications chapter. Stereo image modeling method, which is the last

tested urban modeling method, was tested on a small urban texture in Eskisehir.

5.2.1 Narrow Baseline Photogrammetry

The basic operating principle of the "Narrow Base-line Photogrammetry" method,

the first modeling study to be used to create models, involves the following steps:

The calculation of interior orientation parameters (f, Xo, Yo, Zo) obtained by

camera calibration

e Image normalization, brightness values of the normalized images are used to

render point clouds

e The calculation of the exterior orientation parameters (mj, Xi, Yi, Zi) by

using key points or marked target points

e Obtaining the height (Z) information from disparity images (Figure 1)

At the last step, the above mentioned information constitutes the entry of the co-
linearity equations (equations 9, 10 and 11) to calculate information on X, y, and z

positions and the brightness values of each point in the end point cloud.
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_ _ m21(x_xi)+m22(Y _Yi)+m23(z_zi)

" XO_ f m31(x_xi)+m3z(Y _Yi)+m33(z_zi) (9)
_ _ m21(x_xi)+mzz(Y _Yi)+m23(z_zi)

g YO = m31(X - Xi)+m32(Y _Yi)+m33(z _Zi) (10)
_ _ mZI(X _Xi)+m22(Y _Yi)+m23(z_zi)

‘ ZO = m31(x B Xi)+m32(Y _Yi)+m33(z _Zi) (11)

where, f, X, Yo, and Z, interior orientation parameters (focal length and focal point
coordinates), mjj, Xi, Yi, and Z; exterior orientation parameters (imaging point
coordinates and rotation parameters), X, Y, and Z control point coordinates and
height values derived from the disparity images are used to compute X, y, and z

coordinates of points in the point cloud (El-Sheimy et al. 2005).

Narrow Baseline Photogrammetry method was tested on a small building in METU
campus area. As described in the methodology part, the basic data of the study are
the photos of the objects modeled, which have high rates of overlap, obtained
during the field work. In addition to photos, as in this case, if the modeling object
has a geographical position component, the control point coordinates used for

geographical engeocoding is another data set.

The method involves two basic phases. These are: 1) field study, and 2) processing
of the collected data in the field (figure 5.1). The field study, the first phase of the
method, starts with a preparation work. At this stage, the properties of camera lens
and the size of coded targets are determined according to the modeled object
properties. Taking high overlapping rate photographs from all aspects of the
modeled object with the specified fixed focal length camera constitutes the next
field study work. The last work item in the first phase is the collection of spatial
position coordinates which will be used for positioning the generated point cloud
and the models. This is achived by using global positioning systems (GPS) with
sufficient precision. In the absence of a spatial content of the modeled object, there

is no need to collect the point coordinates.
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(Field Studies)
‘ Camera Calibration

‘ Image Normalization

Control Point Collection
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Unit and Scale Definition
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2nd Phase ‘ Point Cloud

(Office work)

! Meshing

Figure 5.1. The phases of the study and related work steps

In the second phase of the method, the processing of the collected data starts with
the calibration of camera. Camera calibration is the process of finding the correct
parameters of the camera lens that are used to obtain field photographs. These

parameters are;

. Focal Length

) Format Size
o Principal Point
° Lens Distortions

By the calibration of camera lens, lens offsets, shifted center point, and non-square
cell distortions are removed from the resulting images. Camera lens calibration is
performed through horizontally and vertically framed photos taken from each of the
four sides of the calibration grid provided by the employed software (Photo
Modeler Scanner). The resulting calibration parameters are stored in a file, created
by the software after the calibration process, which can be used in all similar
projects that involve photos taken by the same camera and lens. After the camera

calibration, the normalization of the images uploaded to the system is the first
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transaction to be carried out. The normalized images are used to collect control
points. The control points to be used for geocoding of images may be key points
collected from the images as well as the coded targets that gave reliable results in
such studies. The distribution, number and level of accuracy of the control points
used are critical components for the accuracy of the model. In the processing step,
control point’s coordinates, interior orientation parameters which are calculated
with camera calibration, exterior orientation parameters which are calculated by
control points, and the depth (z) values which are calculated by the use of disparity
images form the entry parameters of the utilized mathematical model (co-linearity
equations) are required to find the 3D positions of the points of point cloud. At this
stage, a masking area, defining only the required fields on the image, is used to
reduce the processing load of the creation of point cloud and the modeling. The
scale and the measurement units of the study are determined by using two control
points; the actual distances between these points are known. A point cloud of points
which has known x, y and z coordinate values is the result of spatial engeocoding
process. In addition to the coordinate values, each generated point of resultant point
cloud has brightness values from the obtained images. At the point cloud
construction stage, the utilized software provides two different levels of point cloud
settings, namely basic and advanced. User can define sampling rate and depth range
in the basic level point cloud settings. Moreover, it is possible to set sub-pixel
sampling, super-sampling factor, matching region radius, and texture type settings

at the advanced level.

The second phase of studies result in the 3D wire frame (meshing) construction
from the generated point cloud. Meshing steps and the summary of these steps are:
a) Filter, deleting noise points, b) Register and Merge, building a point network by
bringing different point clouds together, ¢) Denoise Point Cloud, obtaining a
denoise point network while preserving the edges and corners, d) Decimate Point
Cloud, reducing the points while maintaining the representation, ¢) Mesh Point
Cloud, the triangulation of the point network, f) Decimate Triangles, reducing the
triangles while maintaining the representation, g) Fill Holes, closure of space areas
smaller than the specified threshold value, h) Unify Normals, unifying the triangle

normals in the generated triangle mesh, i) Fill Fjords, filling the long thin gaps at
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the edges of the mesh, j) Smooth, deleting the noises and softening the mesh while
maintaining the sharp edges, k) Sharp Smooth, softening the mesh while
maintaining the sharp edges more than the previous step, 1) Contours, creating co-

spaced contour lines.

Photos were taken by a 1.6 multiplication factor (APS-C Sensor) camera (Canon
30D) with a 10-22 mm zoom lens. The full building seen in all photos is the basic
heed. In order to collect control point positional information, the GNSS system was
used, which is capable of using TUSAGA (CORS-TR) GPS correction broadcasting

network so that the spatial accuracy of the system is about 1 cm.

The key points obtained from the building were used as target points for the image
geocoding. Due to the absence of a fixed value lens and the absence of the coded
targets, it has not been possible to model the structure as a whole in this application.
Successful results were obtained for areas covered by relatively proper images in
terms of geometry (figure 5.2 a and b). The resulting triangular mesh was visualized
in Google Earth environment by using the coordinate values collected via GNSS

(figure 5.2 c and d).

Figure 5.2. The results of the building application
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The factors that affected the success of the photogrammetric technique used in this
study can be listed as camera resolution, the method of camera calibration, angles

between photos, photo orientation quality, and targets.

5.2.2 CAD Based 3D Modeling

Today 2D GIS data are often available in most of the cities. Many model
applications use this data for their applications (Norbert and Anders, 1997; George,
2001). 2D CAD data provide accurate urban features and boundary data. Generally,
boundaries are usable data sources for image segmentation. The limitations for
CAD systems can be listed as attribute and spatial data management capabilities,
and spatial modeling. However, spatial data, which forms the basis of the study, has
two main components, which are graphic and attribute. The CAD data structure can
not store information on the relation of these two components of the data; as a
result, CAD does not allow the management, the analysis and the modeling of the

attribute information related to the spatial data.

The main strengths of CAD systems are the editing capability of graphical features
and clear and detailed graphical presentation controllability. Graphical presentation
is important for the proposed purposes of this dissertation and CAD properties,
which are used for the generation of the 3D city models and the visualization of the

related data.

Four main data sets were used in this study, which were;

e Facade images
¢ Building footprints
e Building heights

e Street layer

Fagade Images were used to improve the realism of the 3D model in CAD
environment. These fagade images were collected from the related buildings. The
compact digital camera used to collect fagade images was Canon Powershot Prol.

The technical specifications of this camera are;
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e §-Megapixel CCD for images up to 3264 x 2448
e 28-200mm equivalent {/2.4-3.5 7x zoom
e 15-1/4000 sec shutter speed

Building footprints layer that was acquired from the urban information system of
the municipality of Odunpazari, was extruded by using the collected building
heights. To measure the building heights, TruPulse professional rangefinder was
used. This compact and lightweight laser instrument measures the height of the
target by using its height routine. Another vector data, also acquired from the urban
information system, were road layer, which were used to create digital 3D city

scenes with other building related data.

The 3D city model in CAD provides a Virtual Reality (VR) environment. In order
to create VR environments, first of all digital 3D scenes have to be constituted
(figure 5.3). After the creation of the solid model by using building heights, the
facade images were utilized to map the external surfaces of 3D solid buildings. in
the image collection stage, different aperture values were used to gain homogeneous

exposures of all images.

Figure 5.3. Building a solid model

Difficulties that were faced during field data collection can be listed as:

» Difficulty in photographing some buildings which have official secrecy (i.e.

police and military buildings)
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= Dense and tall buildings in narrow roads, with perspective distortions on the

facade images

Before mapping the field images to the building surfaces, the collected images need
to be corrected for geometric, atmospheric, radiometric and angular distortions to
improve the image quality and to remove the distortions. The image rectification
functions applied can be listed as cropping, contrast enhancement, rotating and
perspective adjustment. Each image was manually rectified to be a fagade image for
3D city model (figure 5.4). After the operation of image rectification, four corner
points of the images were used for coordinate system transformation of the related
facade image. Figure 5.5 represents the resulting 3D city model, extruded buildings

and mapped fagcade images.
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Figure 5.4. (a) Before and (b) after image rectification of an example facade

image from the study area
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Figure 5.5. The general view from the 3D city model

The generated model can easily be exported to the GIS environment for providing

the building fagade and geometry.

5.2.3 Modeling by Stereo Images

Stereoscopy is the branch of science dealing with images to produce a three
dimensional visual model (Manual of Photogrammetry, 1980). Stereoscopy with
images is used in order to produce DEMs, or object extraction. The accuracy
obtained from stereoscopic processing is closely related to the parallax inherit in the
stereo images. There are three solutions to obtain stereoscopy with images (Toutin,

1999). These solutions are;

* Adjacent-track stereoscopy
* Across-track stereoscopy

 Along-track stereoscopy

If the utilized sensor lacks a steering mechanism, it can not acquire stereo images in
the same orbit; therefore stereo imaging can only be possible with successive orbit
images in these types of sensors. This stereo image acquisition method is named as
“adjacent-track stereo”. This method allows poor base height ratios (B/H) that are
between 0.1 and 0.2.

Like the previous method, in the across-track stereoscopy, different orbits are used.

However, in this method non-successive orbits are used rather than successive ones.
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This kind of images can be obtained by using steerable and rollable sensors. Images

acquired by using such sensors have perfect B/H ratios, which are 0.6 to 1.2.

In contrast to the previous methods, in the along-track stereoscopy method, stereo
images can also be acquired on the same orbit by steering the sensor or by changing
the pitch of the platform to the forward and backward directions (Ok, 2005).
Several satellites such as ASTER and IKONOS have the ability to acquire stereo
images. Images obtained from along-track stereoscopy have fine B/H ratios that are

appropriate for DEM generation and object extraction.

The method was applied on a housing texture with sparse, low-rise buildings in
Eskisehir city skirts. Pan-sharpened stereo satellite images from IKONOS with 1-
meter spatial resolution (figure 5.6) were used to construct stereoscopy to extract

the desired urban objects.

(b)

Figure 5.6. (a) Left and (b) right odds of the IKONOS stereo image

The application was executed in the Leica Photogrammetry Suite with Erdas
Imagine 8.7 and Stereo analyst module software (figure 5.7). The software provides
all functions of image pre-processing and digital image analysis with stereo analyst

module stereo image handling capabilities added to these basic necessary tools.
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Figure 5.7. The study area in the Leica Photogrammetry Suite Stereo analyst

module user interface with utilized IKONOS stereo satellite images.

The generated stereo block file was used to extract buildings and other man-made
urban objects like roads and field borders (figure 5.8). Urban object extraction is a
manual process. 3D view can be possible through stereo image software and
hardware (stereographic card, emitter and glasses) infrastructure. Even if the needed
software and hardware are available, 3D view experience directly affects the

positional accuracy (Ergin, 2007).
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Figure 5.8. The result of the 3D digitizing process by using stereo image

The generated 3D objects can be extracted to the GIS environment in VRML or
ASCII format. In the first case, each of the 3D digitizing projects can be handled as
a single object in GIS environment. To avoid this, the conversion of the results to
the ASCII format is sole solution. This solution works properly for 3D objects with

no facade textures.

There were no fagade textures in case of stereo image modeling; therefore, ASCII
conversion was preferred. In the generated ASCII file, to export the extracted
objects to the GIS, x, y and z positions of the vertex point of each part (each face
surface of 3D object in boundary representation) were given with collected or
assigned attribute information. A sample object representation is given below
(figure 5.9). In this case, the sample object has five faces with four corner points
(figure5.10) (in the representation the fifth one is the same with the first one).
Moreover, there are four pieces of different attribute information, attached to the

geometric object description.
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Figure 5.9. The order of boundary face numbering

Figure 5.10. The order of vertex point numbering

113



5.2.4 Comparison of the Tested Methods

3D urban modeling methods are tested with a sample application. These three
methods are compared based on the GIS components, which are software,
hardware, live-ware and data, and costs to apply the method. The other comparison

criteria are the appropriate scale of application and interoperability (table 5.1).

Table 5.1. The comparison of the tested 3D modeling methods

Cost Scale  Interoperability
Method I v ware DWs
Photo. Medium High High High  Building Hard
CAD Low Low Low Low Urban Easy
Stereo High High High High  Building Medium

In the light of this comparison, CAD modeling appears to be the easiest and the
most cost-effective modeling method for wide-area applications. However, the
results of the other 3D modeling methods are at the LoD1. In the event of need for
more detailed modeling approaches, the resultant of these two methods needs

additional CAD operations like texture mapping and indoor data integration.
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CHAPTER 6

IMPLEMENTATIONS

Two natural hazard cases were studied within the scope of this study to see the
operability of the proposed framework. These implementations are Eskisehir
Earthquake and Fethiye Tsunami. As described in the section of the hazard related
components of the chapter 3, according to the process characteristics of models
there are two different points of view. The first one is the static model and the
second one is the dynamic model. In the selection of two implementation cases that
were studied, special attention was paid to finding one sample case for each
approach. The implementations are presented in the same order as the framework’s
flow manner. After the study area assignment is completed, the determination of the
user and elements of the visualization are performed. In the next step, the
representation requirements of visualization objects are analyzed. Then the needs
for data and processes are defined in the light of data inventory and the studies on
the utilized modeling method. Finaly each framework implementation case is

completed with discussions about the creation of the intended 3D urban model.

6.1 Earthquake Implementation

6.1.1 Background

The first application is visualization for the earthquake case in Eskisehir, Turkey. In
this application, a visualisation application is required to be built for the users in the

municipality. Therefore, the users involve the municipality staff, such as urban
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planners, cartographers and sociologists. They need a clear view of the distribution
of vulnerable regions throughout the city. The municipality of Eskisehir has an
urban information system infrastructure, so they have extensive data and software
(planning, cartographic and GIS software). A 3D urban model environment is used
to visualize the calculated social, physical and accessibility vulnerability indexes of
each building object (Kemec and Duzgun, 2006a; Kemec and Duzgun, 2006b;
Duzgun et al., 2011). Duzgun et al. (2011) proposed a framework for integrated
vulnerability assessment for urban environments. According to this framework,
vulnerability to natural hazards is not only considered as structural fragility but also
as socio-economical vulnerability and vulnerability due to accessibility to the

critical services like hospitals or fire brigades.

6.1.2 Study Area

Eskisehir is one of the most important industrial centres in Turkey. Two universities
are located within and near the city. Due to its rapid development, Eskisehir has
become a popular location for new investments. It is an industrial city in central
Turkey with a population of over 500.000, according to the 2000 census. The
greatest part of the settlement in the city is located on alluvium. The greatest
earthquake that has ever occurred in the city was in 1956 (Ms: 6.4). The pilot area is
a part of the city centre, covering some portions of the Akcaglan, Akcami and Pasa
neighborhoods, and it has various kinds of city development textures including low-
rise, historic buildings and high-rise apartments. There are nearly 400 buildings in

the application area. (figure 6.1).
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Figure 6.1. Eskisehir Study area

6.1.3 Application of the Framework

6.1.3.1 Phase I - Definition of visualization components

As mentioned above, the users are the municipality staff, and they can be both
technicians and non-GIS experts. In general, they need relatively realistic 3D urban
models. The basic elements at risk recognized are buildings and socio-economic
structures of people living in the buildings. To construct a realistic urban
environment and to express the aim of the visualisation model, the objects are

defined as;

e Buildings

e Relief

e City Furniture
e Transportation

e Vegetation
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6.1.3.2 Phase II - Object representation

After the analysis of the requirements for model object definitions representation is
completed, urban-related criteria group of the decision rule constitutes the starting

point of the analysis.

The attribute of ds (disaster susceptibility) refers to the spatial density of the
disaster, and it is defined by the physical susceptable zones of the urban land. A
probabilistic approach was applied by Ozmen et al. (1997) to find the earthquake
hazard zones for a 50-year period with a confidence level of 90% (figure 6.2).
According to this study, Eskisehir is located in the fourth severest hazard zone on
the scale of 1-5, where five indicates those areas under the biggest danger; hence, v

was assigned a value of 4.

Figure 6.2. Turkey earthquake hazard zones (Ozmen et al., 1997) for disaster
susceptibility (d;) attribute

The evaluation of the attributes p and uze was conducted for 339 settlements in
Turkey. Data processing steps to compute area sizes and population densities
include a map projection conversion of a global spherical system (WGS84) to a
country cartesian system (UTM) and a spatial join operation between urban extent
polygon objects and urban point objects using settlement population information.
The calculation of the area and the population density, Uz and p, respectively,

constitutes the calculation step of urban criteria attributes in process of defining the
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complete model attributes for the Eskisehir application. To define p and Uge, a
geometric interval classification was applied to convert the measurements to the
reclassified attribute values. The relation between the areal extent and the needs of
the model detail is not linear; therefore, the areal extent adds complexity to the
urban system, necessitating a more detailed modeling approach. The same degree of
added complexity is valid for the population density parameter. It was determined
that a geometric value/utility function better suits both of these attributes than a
linear one; the geometric interval classification calculates the intervals by
subtracting the minimum from the maximum intensity value (Joseph, 2007). The
conversion coefficient for the dataset is calculated by dividing the result of the

previous interval by that of the current interval.

The statistics related to the population density attribute:

The minimum population density value is 0.65 per/ha and the maximum is 108.05
per/ha, with a mean of 6.88 and a standard deviation of 6.84. Eskisehir, with a
population density of 14.11 per/ha, is classified as p = 2 (table 6.1 and figure 6.3a).
In this attribute approach, high population density values map to low p attribute

values, indicating that they require intensive modeling approaches.

Table 6.1. The distribution of population density values for earthquake

Classification # of settlements % p

0.65 <pop_dens <4.47 108 0.31 5
4.47 <pop_dens <5.30 46 0.14 4
5.30 <pop_dens <9.12 119 0.35 3
9.12 <pop_dens <26.74 64 0.19 2
26.74 <pop_dens <108.05 2 0.01 1
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The statistics related to the areal extent attribute:
The minimum urban areal extent is 726 ha and the maximum is 199632 ha, with a
mean of 12736 and a standard deviation of 21944. The value of use for Eskisehir is

given as 5 with its areal extent of 34208 hectares (table 6.2 and figure 6.3b).

Table 6.2. The distribution of areal extents for earthquake

Classification # of settlements % uae
726 < area size <4516 920 0.27 1
4516 < area size < 5089 22 0.06 2
5089 < area size < 8880 108 0.32 3
8880 < area size < 33940 98 0.29 4
33940 < area size < 199632 21 0.06 5

Ankara

e : < < ]
y - > Eskisehir ‘
e

(b)

Figure 6.3. (a) Values of the (a) p and (b) uae attributes for Eskisehir and nearby

arcas

To determine the frequency of earthquakes in Eskisehir and compare this to the
computed value of f, the earthquake database of the General Directorate of Disaster
Affairs Earthquake Research Department (DAD, 2009) was used to identify the
earthquakes that occurred between 1991 and 2009 with magnitudes greater than 4

on the Richter scale. An earthquake point map (figure 6.4a) was generated using
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this dataset. The generated point map was based on a Quadrant analysis, the
simplest method to represent the first order density of data. Relative frequency
comparison of the settlements was used to represent these first order density in this
study. The basic logic behind the method is counting the points in a grid cell and
mapping the count results relative to the other grid cells. The generated frequency
map values were then categorised into five classes, numbered 1-5 (figure 6.4b),
where 5 indicates those areas of Turkey with the highest frequency of earthquakes.

According to the results, Eskisehir’s f value is found to be 3.

() (b)

Figure 6.4. (a) The earthquake positions between 1991-2009 with magnitudes
greater than 4 on the Richter scale (b) Frequency distribution of earthquakes across

Turkey

Apart from f, the other temporal hazard attributes, namely d and S,, were derived
from empirical comparisons. Compared to other natural hazards, earthquakes can be
classified as a hazard with a short duration (table 6.3). Therefore, the d attribute is
given a value of 1 and a fast speed of onset and the S, attribute is given a value of 5

on the scale of 1-5.
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Table 6.3. The proposed S, and d parameters for different natural hazards

Speed of onset

Disaster (immediate precursor ]()il:l:.a;lcotl)l
period) P
Earthquake Seconds Seconds
River flood 15 hours 36 hours
Dam breaching Minutes Hours
Tsunami Couple of hours Couple of hours

(it depends on the depth (for well-drained

of water and distance lands)
v=3/g.h)
Forest fire Hours Hours - days
Tornado Minutes Minutes
Hurricane Several Days Several Hours
Drought Gradual (moths - years) Months - Years
Soil and water pollution ~Gradual (depends on the Days — Months

amount of chemical

disposal)

The calculation of the spatial dispersion constitutes the last step in the process of
defining the complete model attributes. The Sy attribute is related to the spatial
distribution pattern of the hazard. The earthquake dataset of the General Directorate
of Disaster Affairs Earthquake Research Department (DAD, 2009) was used again
to identify the spatial dispersion map (figure 6.5) of earthquakes. Kernel density
function (obtained using ESRI ArcGIS software, as in the f calculation) was used,
with the magnitudes of the earthquakes constituting the weights. Eskisehir is located

in the second greatest earthquake occurrence zone, so the attribute value of Sy is 4.
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Figure 6.5. Earthquake spatial dispersion classification

Table 6.4 represents the attribute values for the Eskisehir Earthquake case study.
The indoor penetration parameter i was assigned a value of 0, for there is no
involment of hazardous materials into the built environment during earthquakes.
The decision rule was applied using these values to determine the level of detail

needed for the urban model.

Table 6.4. Eskisehir earthquake attributes

Criteria U H
Subcriteria H; H;
Attribute d, Uge p f d So Sd i
Value 4 5 2 3 1 5 4 0
L=[((4+5+2)/3)x(B+1+5)/3)+4)/2)]=12.83 (12)

Entering these attribute values into equation (5):

Ipnorm = ((12.83 - 25) / (0 - 25)) X 4) touna = (1.95) rouna = 2 (13)

123



and normalizing the calculated value of I, using equation (12) yields:

D=2+ (0/2)=2

(14)

The result of the decision rule is that the detail level (D) of the urban model

required for this specific type of disaster and this particular city must be 2.

According to the proposed LoD hierarch definition, LoD2 requires that building

objects show differentiated roof structures and textures, and vegetation objects may

be represented.

6.1.3.3 Phase III - Needs Assessment

After defining the model objects representation as LoD2, figure 6.6 represents the

results of the representation requirements analysis for the Eskisehir earthquake

application. Letters in roman type denote object representations while italic letters

denote initial data types in figure 6.6.
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Figure 6.6. The cross-section of framework for an earthquake case
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The available data for urban modeling are as follows:

Vector street and building footprint layers obtained from the Eskisehir Municipality
Digital City Information System, and 1/25000 digital contour maps. To construct
building objects, fagade images and building height data are needed, which are
collected by a field survey. Process steps to develop an urban model involve 2.5D
DEM generation from digital contour maps, the generation of LoD2 buildings by
using building height information and ground images, draping of city furniture, tree
points, road data and building models with a terrain model, and relating tabular

index data (in this case hazard characteristic medium) to the building objects.

6.1.4 Generation of the 3D Urban Model

After the object representation definitions are completed with the use of the
proposed framework, the generation of the urban virtual environment stands as the
last issue to be handled. A recursive process of development of the 3D urban model
is adopted in the Eskisehir application. This process has two stages. The studies in
the first stage cover those works that are completed before the technical interview
with the user group. In second stage, the integration ways of CAD and GIS
modeling functions are searched in the light of the user group feedbacks for a new

pilot area that is also determined in that user interview.

In the first stage, office studies were conducted concerning 3D urban modeling
theories. During the first stage, mainly two different studies were carried out to find
the pros and cons of various 3D modeling environments. These studies are
modeling in the CAD environment and modeling in the GIS environment. The first
pilot area was selected within the Eskisehir metropolitan area. More precisely,
Cumhuriye neighborhood in the central business district of Eskisehir (figure 6.7),
with a population of 4113 according to the 2000 census, was selected. There are 434

buildings in the neighborhood.
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Figure 6.7. Cumhuriye neighborhood at Eskisehir

CAD modeling work steps

3D urban models generated by using the CAD modeling method are described in
the framework analysis of the representation requirement section. In this section,
the applications of vulnerability visualization are presented. The visualization of the
earthquake vulnerability indexes of the buildings, which is the main aim of 3D
urban model generation, is fulfilled by index tables in the CAD environment. Two

different alternatives for index table visualization are tested.
e Dropping facade
e Transparent change

In the first alternative, the index table of each building can be seen with dropping

building facade in the created visualization. When passing by a building, fagade
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image drops and the index results are seen on the index table. Fagade images are

raised after passing by the building (figure 6.8).

Figure 6.8. The visualization of various vulnerabilities in the 3D city model

In the second alternative, instead of dropping facades, transparent fagade change is
used to visualize the vulnerability index values. After passing the related building,

fagade image transparency value turns into its initial state (figure 6.9).

Figure 6.9. The visualization of various vulnerabilities in the 3D city model
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GIS modeling work steps

GIS-based 3D modeling is the second alternative modeling method. Two methods
are compared after two separate applications. GIS intrinsically use tabular and
geographic data. This characteristic is the main superiority of GIS environment over
CAD. The desired result from GIS/RS 3D model was effective geographical
querying and visualization of the related data. Each building’s vulnerability index
result can be queried on the created model at floor level. There are two main parts

of the GIS modeling.

e Raster-based operations; the creation of reference image map from stereo
satellite images and the creation of digital elevation model (DEM)

e Vector-based operations; 3D layer operations

Raster-Based Operations

DEM generation is the first raster-based operation. A DEM is defined as a file or a
database containing elevation points over a contiguous area (Manual of
Photogrammetry, 2004). The needed field height data for the DEM generation can
be obtained from point, line or polygonal vector height maps or stereo
satellite/aerial images. The generated DEM is used for base heights for the 3D city
model. Besides, DEM is also used for the photogrammetric rectification of satellite
images. There are 21 pieces of elevation maps covering all the Eskisehir City. First,
all these maps were combined and the pilot area and the surrounding region were

cropped to generate DEM (figure 6.10).
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Figure 6.10. Study area contour map and the generated DEM

The next step of the raster-based operations part of the GIS modeling studies is the
geometric correction of satellite images and orthographic correction of this

geometrically corrected image by using the previously generated DEM.

Coarse satellite images may have geometric, atmospheric, radiometric and angular
distortions. Apart from geometric and angular distortions, other distortions are
rectified at the satellite ground receiver stations. In order to fit vector GIS layers
and reference image, images have to be rectified in advance. To rectify satellite
images, image to map image rectification algorithm is applied. Three different
functions of mathematical transformation were experimented. These transformation

functions are;

e Polynomial
e Rational
e Satellite model

Satellite model gave the most appropriate results. The vector road layer obtained

from the municipality was used at this stage. Ground Control Points (GCP)
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collected from the road layer for image registration and the results of the
registration were checked by using the same layer. Rational and satellite model

result can be seen in figure 6.11.

Figure 6.11. Rational function result at left hand side and satellite model result at

right hand side

There were 42 GCPs collected for image registration. The overall root mean square
error (RMSE) values computed for GCPs using satellite model were 0.47 pixels at
X axis and 0.63 pixels at Y axis.

Another raster-based operation that was carried out is Image Mosaicing. Two pairs
of Ikonos images cover the study area. After creating the georeferenced
orthophotos, left and right stereo pairs are mosaiced to generate a whole reference
image. The nadir images of the left and right pairs are used for mosaicing. The
mosaiced result image is given in figure 6.12. The image and DEM results

constitute the basis of vector layer operations (figure 6.13).

130



(a) (b)
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Figure 6.12. (a) Left image (b) right image and (c) mosaic result

Figure 6.13. Mosaiced orthoimage on the generated DEM
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Vector-Based Operations

The main intention for the GIS modeling part of the study was the thematic
visualization of the disaster vulnerability condition of the buildings on the generated
3D model. The generated DEM model and the ortho satellite images are used as
reference for 2D vector building footprints acquired from the Eskisehir

Municipality (figure 6.14).

Figure 6.14. The 3D perspective view of the generated 3D GIS/RS city model (the
same colours represents the same floors in each building). The merged ortho

satellite image and the other vector layers on DEM

Both environments have pros and cons. GIS intrinsically use tabular and geographic
data, which is the main superiority of GIS environment over CAD. On the other
hand, CAD environment provides more sophisticated visualization properties,
which improves decision maker’s perception. In order to take advantages of both

environments, they should be integrated.
The pilot area, determined for the second stage modeling studies, is a part of the

city centre, including some portion of the Akcaglan, Akcami and Pasa

neighborhoods of Odunpazari district and has various kinds of urban textures
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including low-rise, historic and high-rise buildings. There are nearly 400 buildings

in the application area (figure 6.15).

AR NS EEE NN NNy

Figure 6.15. The study area for the second stage modeling studies

For the second phase of the Eskisehir application, the CAD software of Google
SketchUp is used. The problem of GIS and CAD integration encountered in the first
phase modeling studies was solved by using ArcGIS for SketchUp 6 plug-in.
Thanks to this plug-in, 2D GIS data constitute a base for 3D models with high
detailed textures. Moreover, further analysis can be probable by exporting Sketchup
modeling results to ArcGIS 3D Analyst extension. The plug-in is compatible with
only SketchUp 6 and ArcGIS 9.2. The selected 2D building footprints can be
exported by using the plug-in. During this process, building elevation and height
information are used to create untextured B-reps of the target building. Texture
mapping and roof modeling are two consecutive works requiring these input data.
These work steps are applied for each building object individually, because
SketchUp exports them as Multipatch features, and these processes need to be done
individually to identify each building feature as an object (figure 6.16).
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\ . 2D building footprint exported
to SketchUp

B-reps of the exported building
object with elevation and
extrusion information

Facgade texture mapped
building object with roof
model

The resultant building object in
GIS environment

Figure 6.16. 3D Building modeling process
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SketchUp modeling outputs are initially georeferenced so they do not need one
more georeferencing. In the GIS environment, firstly one building layer is generated
using these single building objects, and then the generated 3D building model layer
is treated as another GIS layer (figure 6.17).
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(d)
Figure 6.17. (a) (b) General views from the 3D city model generated for Eskisehir
earthquake case (c) Textured and (d) thematic views from the 3D city model

generated for an earthquake case

The created urban model has the advantages of both CAD and GIS environments.
The model enables querying tabular data and any other GIS analysis function
properties (figure 6.18). Moreover, advanced visualization capabilities are added by

CAD integration.

Figure 6.18. The example of building tabular data querying
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6.2 Tsunami Implementation

6.2.1 Background

The other illustration case is the Fethiye tsunami inundation visualization. The main
aim of the tsunami case is to carry out 3D dynamic inundation visualization for the
city centre on the shoreline. Fethiye is a town of Mugla Province in the Aegean
region of Turkey, with about 68,000 inhabitants. It is one of Turkey's well-known
tourist centres. In the Fethiye tsunami case, 3D dynamic inundation visualization of
computed tsunami propagation and coastal amplifications for worst-case rupture
were performed to simulate and understand the impact of tsunami specifically on

Fethiye Bay on the Southern coast of Turkey.

Numerous earthquakes and associated tsunamis occurred throughout the history in
the Mediterranean Sea. These are precursors to similar events in the future (Altinok
et al., 2011). The fault zones around the eastern Mediterranean basin are Hellenic
Arc, North Anatolian Fault Zone, East Anatolian Fault Zone, Cyprus Arc, and Dead
Sea Fault. At the centre of the Aegean Sea, there is a series of volcanic systems
almost parallel to the trench forming the internal arc (Milos, Antimilos, Antiparos,
Santorini, Christiana, Colombus, Kos, Yali, Nisiros and others). Since it is a part of
the city centre, the pilot area contains the main economic activity space of the urban

area (Ozer et al., 2009).

The GIS-based application of 3D inundation visualization of Fethiye tsunami has
two main phases. First, Numerical Tsunami simulation is completed in the NAMI
DANCE, which is a computational tool, used for the generation of tsunami wave,
and at the second phase GIS-based 3D visualization with generated tsunami waves

and urban environment is prepared.

Numerical simulations is one of the major research area. The literature on numerical

tsunami simulation can be found from Tinti et al. (1994) and Yalciner et al. (2002).

Some numerical tsunami simulation software allows the user to integrate geo-spatial

data with numerical tsunami wave simulation. These are TSUNAMI CEA/DASE,
137



TsunamiClaw, Coulwave, COMCOT, UBO-TSUFD&UBO-TSUFD-VB, UBO-
TSUFE, TSUNAMI-SKREDP, 1HD, H2D DPWAVES, GLOBOUSS, C3 Tsunami
Model, MOST, TUNAMI NI, N2, N3 and lastly NAMI DANCE. In software
literature, three types of software integration can be found. These are integration
with only data exchange, common user interface and lastly the most ideal one, full
integration. According to this classification, the integration of numerical simulation
software (NAMI DANCE) with GIS software (ESRI ArcGIS 9.2) can be classified
as integration with only data exchange. In the tsunami inundation case, the
integration of these is needed during the phases of wave simulation and the

interpretation of results in GIS environment.

Tsunamigenic earthquake data, sea floor and land topography are the main inputs of
NAMI DANCE. These numerical wave simulation inputs are organized from
different data sources in GIS environment. In the same way, the results of the
numerical tsunami simulations are transferred to the GIS environment for

interpretation and visualization.

6.2.2 Study area

The surface area of Fethiye is about 2686.411 km® and has a 167 km coastline.
There are 18 islands in the district. The most important ones are Sovalye, Kizilada,
Katranci, Tersane, Domuz, Yassica, Gemile, Ayanikola, and Karacadren islands.
72% of the district area is covered by forest and scrub land. According to the 2009
census, the population of the city is 72003 (Turkish Statistical Institute). The local

administrative structure of the city consists of 16 neighborhoods (figure 6.19).
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Figure 6.19. The neighborhood borders of the Fethiye City

Level II local scale modeling study was conducted over a pilot area, which contains

1774 buildings within the neighborhoods Kesikkapi, Cumhuriyet, Tuzla, Babatasi

and Karagoz (figure 6.20). The study area is a part of the central business district

(CBD) of the Fethiye City (figure 6.21).
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Figure 6.20. Tsunami implementation area with related building objects and

neighborhood borders

Figure 6.21. Tsunami inundation case study area, Fethiye City CBD
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6.2.3 Application of the Framework

6.2.3.1 Phase I - Definition of visualization components

The user component of these visualizations is academia; they are experts in the
tsunami field but non-GIS experts. In general, they need relatively realistic run-up
visualizations. The basic elements at risk are considered to be the buildings. The

model objects defined to construct a realistic visualization environment are;

e Buildings
e Terrain

e The tsunami waves

6.2.3.2 Phase II - Object representation

In the 3D tsunami inundation case, a two-level object evaluation process was
applied. At the first level, the tsunami hazard situation of the Fethiye City was
compared with all the settlements with the scale of the country by using regional-
scale tsunami assesssment. At the second level of the evaluation, research focused
on the shoreline part of the city centre by using local-scale tsunami assessment
study. With the outputs of the regional-scale tsunami assessment, a detailed work

can be possible on local scale.

Level I (general scale) object evaluation

As it was mentioned in the previous part, in the tsunami inundation case some sort
of software integration is needed between two environments (GIS and numerical
tsunami simulation). Data input, manipulations and output operations of both
environments are explained in Appendix A. Regional-scale and local-scale
numerical tsunami simulation results formed the input for the GIS environment at
three different places (figure 6.22). These places are Level I, Level II decision rule
applications, and lastly, the generation of water object as hazard medium during the

construction stage of the 3D urban model.
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Regional
scale tsunami
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Sub-quarter level Local scale

urban zoning tsunami
assessment

Figure 6.22. Fethiye Tsunami application flowcharts

In the first level tsunami studies, the evaluation of all Turkish coasts was carried out
to come up with a general view and to compare Fethiye’s situation with this general

view.

Regional-Scale Tsunami Assessment

A probabilistic approach was applied to find the tsunami hazard zones in Turkey.
According to the tsunami cataloging studies, 69 tsunamigenic earthquakes occurred
in Turkey and other close regions (figure 6.23). In this approach, among all the
defined faults, 35 of them are assumed as source faults, which presumably cause
tsunamis for the Aegean and Mediterranean coasts of Turkey. The choice of source

faults was performed with expert opinion.
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Figure 6.23. Tsunamigenic earthquakes occurred in the Black Sea and the

Mediterranean

For each source fault, a numerical tsunami simulation was computed. This
computation was performed through a three-phase study. The first phase is related
with the computation of the tsunami source parameters. These parameters are
essential for numerical simulation, and computed from the estimated rupture
characteristics. In the second phase, the determination of study domain for
numerical modeling of tsunami is completed. Sea floor and land topography (by
using GEBCO, Contour and GPS data), spatial grid size of each domain must be
obtained. The reliability of results solely depends on the accuracy of these input
data. Moreover, the last phase is simulation and computation of all necessary
tsunami parameters. Height data are used for the propagation of tsunamis in the
open sea and their coastal amplification and run-up at shallower regions and on
land. GEBCO, contour and GPS data are combined to achieve a reliable sea floor
and land topography. The aggregated data is in point data format and each point
below sea level is given positive values while points above sea level are given

negative values.
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The outputs of numerical simulation are in grd format. In order to use these outputs
in GIS environment, a series of conversions must be performed. These conversions
are first grd to dat, dat to txt and lastly txt to shp. All these conversion steps are
completed for all 35 different numerical simulation runs. At the end of the
conversion steps, the obtained shp files are vector files containing point details.
Those files contain water height information for each point in the input field. To
acquire continuous water height surfaces from these discrete data, inverse distance
weighting (IDW) interpolation method was applied in ArcGIS 9.2. Finally, two
different weight parameters were generated by using these simulation results of all
35 sources. These parameters were total tsunami height and the number of tsunami

cases for each pixel.

Level | Decision rule

A final tsunami hazard map (figure 6.24a) was generated with the summation of
two standardized inputs for the Aegean and the Mediterranean, which surround the
western and southern coasts of Turkey. The coasts in Fethiye district (figure 6.24b)
were in the third severe hazard zone on the scale of 1-5, hence, ds was assigned a

value of 3.

(a) (b)

Figure 6.24. (a) The Aegean and the Mediterranean tsunami hazard zones of
Turkey, (b) Fethiye and surroundings hazard zones for disaster susceptibility (ds)

attribute

144



The evaluation of the attributes p and uze was conducted for 339 settlements in
Turkey like in the Eskisehir case. Again, the relation between areal extent and the
needs of the model detail is not linear; therefore, the areal extent adds complexity to
the urban system, necessitating a more detailed modeling approach. Fethiye, with a
population density of 2.62 per/ha, is classified as p = 5 (table 6.5 and figure 6.25a).
In this approach, high population density values map to low p attribute values,

indicating that they require intensive modeling approaches.

Table 6.5. The distribution of population density values for tsunami

Classification set tli l(:lfen s % p

0.65 <pop_dens <4.47 108 0.31 5
4.47 <pop_dens <5.30 46 0.14 4
5.30 <pop_dens <9.12 119 0.35 3
9.12 <pop_dens <26.74 64 0.19 2
26.74 <pop_dens <108.05 2 0.01 1

The value of U, for Fethiye is 4 with its areal extent of 19345 hectares (table 6.6
and figure 6.25b).

Table 6.6. The distribution of areal extents for tsunami

Classification # of settlements % Uge
726 < area size <4516 90 0.27 1
4516 < area size < 5089 22 0.06 2
5089 < area size < 8880 108 0.32 3
8880 < area size < 33940 98 0.29 4
33940 < area size < 199632 21 0.06 5
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Figure 6.25. The values of the p (a) and uae (b) attributes for Fethiye and nearby

arcas

Tsunamis observed on and near Turkish coasts are listed in Altinok et al. (2011).

The coordinates of the listed records (figure 6.26a) were used to determine the

relative frequency distribution of tsunamis. The generated point map constitutes the

basis of the Quadrant analysis. The generated frequency map values were again

categorised into five classes, numbered 1-5 (figure 6.26b). According to the results,

The f value of Fethiye tsunami is 5.

()

(b)

Figure 6.26. (a) Earthquakes, which caused tsunamis on the Turkish coast’s (b) The

relative frequency distribution of tsunamis across Turkey
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The other temporal hazard attributes d and S, was again derived from empirical
comparisons. Compared to other natural hazards, tsunami can be classified as a
hazard of medium duration and medium speed of onset (table 6.3). Therefore, the d

and S, attributes were both given values of 3 on the scale of 1-5.

Tsunami Sq map (figure 6.27) was generated using the same dataset, which was
published by Altinok et al. (2011). Kernel density function (obtained using ESRI
ArcGIS software, as in the f calculation) was applied. Fethiye is in the highest

earthquake occurrence zone, so the attribute value of Sq is 5.

Figure 6.27. Tsunami Sy classification for Turkish coasts

Table 6.7 represents the attribute values for the Fethiye Tsunami case. The decision
rule was applied using these values to determine the level of detail needed for the

urban model.
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Table 6.7. Fethiye tsunami Level I evaluation attributes

Criteria U H
Subcriteria H; H;
Attribute ds Uge P f d So Sd i
Value 3 4 5 5 3 3 5 1
L=[(3+4+5/3)x(((5+3+3)/3)+5)/2)]=17.33 (15)

Entering these attribute values into equation (5):

(16)
Ipnorm= ((17.33 - 25) / (0 - 25)) X 4) round = (1.23) rouna = 1
and normalizing the calculated value of I, using equation (16) yields:
D=1+(1/2)=1.5 (17)

The result of the decision rule is that the detail level (D) of the urban model (D) is
required for this specific type of disaster, which is 1.5. Note that i take the value of
1 here, and the D value is with the half part, because there is an indoor penetration.
This requires building objects in a simple box form and storey level indoor

representation.

Level II (local-scale) object evaluation

After the general scale study, a local-scale tsunami modeling study was conducted
to visualize the results of the impacts of most risky tsunami scenarios on built-up
urban areas. At this scale, a sub-neighborhood level urban zoning approach was
used to compare the impact of tsunami. This comparison is used for the LoD
definition of 3D urban model, which is generated as a tool to communicate risk due

to tsunami.
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Local-Scale Tsunami Assessment

Detailed height information of sea and land topography and building height
information appended to these constitute the main input of the numerical tsunami
modeling. Three different source data were used to generate this input. One of them
is the DEM acquired from “Korfez Haritacilik”, a cartography company, which
completed base map generation job for Fethiye and near surroundings. DEM
generated with photogrammetric methods has 20 cm horizontal and vertical
positional accuracy. Bathymetric measurements work, which was the second data
source used to generate the input, was completed for a European Union (EU)
funded project, namely Tsunami Risk and Assessment for European Region
(TRANSFER) Project. Then, so as to generate the input data, which should be in
sequential point entry format of the NAMI DANCE, continuous DEM (figure 6.28)

and bathymetry data were converted to the point detail with regular points.

For local-scale tsunami modeling, which was the third data source used to generate
input for numerical tsunami modeling, building objects were introduced to the other
point mass. The building corner points entered were generated from the building
polygon entries of the used 1/1000 base maps. Thus, constructing a tsunami model
that takes into accounts the man-made structures as well as topography of the land
and bathymetry can be possible. The obtained model results give detailed

information for large-scale applications.
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Figure 6.28. DEM of the main input of the numerical tsunami modeling

The generated earth surface data are used in an experimental numerical tsunami

model, constructed with a source fault on Fethiye Bay. Other model parameters are;

e (rid size: 3m

e Simulation duration: for 30 minutes with 40 second interval
e Coordinate of point at centre: x=29.11, y=36.633

e (Coordinate of point on major axis: x=29.113, y=36.638

e Length of major axis (meter): 1000

e Length of minor axis (meter): 450

e Amplitude at centre: 2

e Amplitude of leading wave (meter): - 2

e Width of leading wave (meter): 250

This scenario was studied to see the worst tsunami case in the CBD of the Fethiye
city. The output of the numeric model is 45 grid file, which represents water height
information, starting from t=0 to t=1800 (sec.). Post-tsunami modeling operations to

convert and use the outputs in GIS environment are summarized in Appendix C. it
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can be said that there are two main usages of the model outputs. These are hazard
medium in 3D urban modeling and hazard assessment measurement for decision

rule application for level II.

Level 11 Decision rule

At this point, four different zonation results (figure 6.29), the generation method of
which is described in object representation section (chapter 4), constituted the input
for the local-scale urban object evaluation application. At the end of the decision
rule applications, the LoD definitions of four different alternative approaches were
jointly evaluated to come up with a final LoD definition for the whole application

arca.

500 Maters

Figure 6.29. Four different zonation maps (a- density, b- geometry, c- kernel and d-

expert opinion), input for the local-scale decision rule application
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Similar to the Level I disaster evaluation, in Level II, disaster intensity evaluation
was utilized to define the appropriate LoDs of each zone in the four different
zonation approaches. Urban- and hazard-related spatial attributes were evaluated
depending on the urban zone scale. Unlike the Level I evaluation, hazard- and
urban-related attributes were evaluated based on the local attribute values on the
defined urban zones, which have common urban pattern characteristics. According
to the logic of this evaluation, an urban zone situated on a highly susceptible area
with high population and structural density has the most detailed building object

representation.

The calculation way of the decision rule attributes is as follows;

Disaster Susceptibility (ds) attributes of each zone was calculated by dividing the
mean elevation of the zone by the coastal length of the zone. This logic provides a
zone with a low mean elevation and with a long coastal length, which is more

susceptible than a zone with high mean elevation and short coastal length.

Urban Area Extent (u,c) is a measure that represents the amount of the built-up area
in the related zone. The built-up area measurement of each zone was calculated by

using zonal statistics function of ArcGIS software.

Population Density (p) was also calculated by using ArcGIS zonal statistics
function, the total population of each zone is the summation of all the populations
of buildings located in the related zone. Building populations were calculated with
an approach that considers the building base area, building height, average
residence area and average household size. Building height value was obtained with
the detection of the difference in building roof height and building ground height.
Building roof heights are available in the land-use maps and ground heights are

derived from the DEM.

The attributes of Frequency (f), Duration (d) and Speed of Onset (s,) are the same
for all zones. Consequently, in such a large-scale study, the temporal characteristics

of the natural hazard, which has a large spatial spread like tsunami, could be
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assumed as constant. In this direction, general-scale attribute values were used and

these values were the same for all zones.

Spatial Dispersion (sq) attribute of each zone in the whole four zonation approach
was calculated by using local-scale tsunami assessment study conducted on the
Fethiye Bay. Likewise, the attribute of Indoor Penetration (i) was gathered from this

tsunami assessment application.

Figure 6.30 represents the resultant LoDs of the building density approach. Each
zone’s LoD decision is derived from the decision rule application with the related

attribute values given in table 6.8, table 6.9, table 6.10 , and table 6.11.

LoD Results

:
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Figure 6.30. The defined LoDs of the building density approach
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Table 6.8. Attribute d, related measurements for building density approach

Mean Coastal
Zone # Elevation Length Coastal L(.angth /
Elevation
(m) (m)
1 0.72 562 778.86
2 0.94 103 109.91
3 1.24 0 0.00
4 1.19 906 759.85
5 1.18 0 0.00
6 4.63 0 0.00
7 21.44 971 45.29
8 7.54 320 42 .45
9 40.51 0 0.00
10 17.21 0 0.00

Table 6.9. Attribute u,. related measurements for building density approach

Base Area

. Zone Area Structural
Zone # Summation 2 .
(mz) (m”) Density
1 3663.21 48702.90 0.08
2 25473.55 110721.00 0.23
3 28263.90 85075.50 0.33
4 44400.54 232270.00 0.19
5 58533.23 145444.00 0.40
6 24416.71 77010.10 0.32
7 35572.29 171129.00 0.21
8 40728.32 92558.40 0.44
9 1527.89 8208.94 0.19
10 36188.55 97841.10 0.37
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Table 6.10. Attribute p related measurements for building density approach

Total Built Population Zone Area Pop ulzttion
Zone # Area 2 density
(m’) (person) (m) (person / ha)

1 10495.56 467 48702.90 95.89

2 77775.92 3454 110721.00 311.96

3 91136.43 4060 85075.50 477.22

4 125916.23 5596 232270.00 240.93

5 170616.67 7588 145444.00 521.71

6 58932.95 2623 77010.10 340.61

7 89477.12 3969 171129.00 231.93

8 92873.87 4130 92558.40 446.21

9 2931.29 130 8208.94 158.36

10 74740.67 3328 97841.10 340.14

Table 6.11. Attribute sq related measurements for building density approach

Water
Zone # Amount

(m*)

1 205.21

2 116.82
3 0.60

4 337.46

5 104.37
6 0.00
7 23.76
8 28.26
9 0.00
10 0.00

Figure 6.31 represents the resultant LoDs of the building geometry approach. Each
zone’s LoD decision is derived from the decision rule application with the related

attribute values given in table 6.12, table 6.13, table 6.14, and table 6.15.
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Figure 6.31. The defined LoDs of the building geometry approach

Table 6.12. Attribute d related measurements for building geometry approach

al
Zone # Ellz/{rzat?on (IjJZIisgtth Coastal Lc.angth /
Elevation
(m) (m)
1 0.97 1263.00 1296.23
2 0.50 131.00 259.70
3 2.34 0.00 0.00
4 1.74 0.00 0.00
5 22.64 702.00 31.01
6 4.01 183.00 45.59
7 14.37 583.00 40.56
8 14.72 0.00 0.00
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Table 6.13. Attribute u, related measurements for building geometry approach

Zone & Sl?::Isl‘:nl::i‘i)an Zone g&rea Structgral
(mz) (m”) Density
1 65993.85 336376.00 0.20
2 18588.56 47323.60 0.39
3 16727.23 60348.20 0.28
4 39042.15 128254.00 0.30
5 27449.92 126456.00 0.22
6 52169.82 130421.00 0.40
7 49587.56 158666.00 0.31
8 29182.51 82884.40 0.35

Table 6.14. Attribute p related measurements for building geometry approach

Total Built Population Zone Area Popula-tion
Zone # Area 2 density
(m?) (person) (m’) (person / ha)
1 197004.00 8762 336376.00 260.48
2 71703.66 3189 47323.60 673.87
3 42441.78 1888 60348.20 312.85
4 106988.12 4753 128254.00 370.59
5 72169.70 3199 126456.00 252.97
6 134094.92 5962 130421.00 457.14
7 111204.61 4946 158666.00 311.72
8 62715.59 2796 82884.40 337.34
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Table 6.15. Attribute sq related measurements for building geometry approach

Zone # Amount

0 N N N kW~
—_—
e
o0
e

Figure 6.32 represents the resultant LoD’s of the kernel function approach. Each
zone’s LoD decision is derived from the decision rule application with the related

attribute values given in table 6.16, table 6.17, table 6.18, and table 6.19.
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Figure 6.32. The defined LoDs of the kernel function approach

Table 6.16. Attribute d; related measurements for kernel function approach

Zone # EIIZ{::;?OH ggzsgtt:;ll Coastal Le.:ngth /
Elevation
(m) (m)
1 1.25 0.00 0.00
2 7.09 557.00 78.60
3 1.17 2108.00 1806.45
4 30.50 197.00 6.46
5 9.79 0.00 0.00
6 16.98 0.00 0.00
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Table 6.17. Attribute u, related measurements for kernel function approach

Zone & Sl?::Isl‘:nl::i‘i)an Zone g&rea Structgral
(mz) (m”) Density

1 22464.10 60043.30 0.37

2 6733.99 52271.40 0.13

3 130130.15 594007.00 0.22

4 29100.70 106550.00 0.27

5 78019.82 188041.00 0.41

6 24640.06 66799.30 0.37

Table 6.18. Attribute p related measurements for kernel function approach

Total Built Population Zone Area Pop ulzttion
Zone # Area 2 density
(m’) (person) (m) (person / ha)
1 72198.29 3215 60043.30 53545
2 13788.72 609 52271.40 116.51
3 372446.96 16556 594007.00 278.72
4 75732.07 3360 106550.00 315.35
5 181920.66 8096 188041.00 430.54
6 51519.19 2295 66799.30 343.57
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Table 6.19. Attribute sq related measurements for kernel function approach

Water
Zone # Amount

(m’)
0.00
2.62

799.35
14.39
0.15
0.00

AN N B W N —

Figure 6.33 represents the resultant LoDs of the expert opinion approach. Each
zone’s LoD decision is derived from the decision rule application with the related

attribute values given in table 6.20, table 6.21, table 6.22, and table 6.23.

LoD Results
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Figure 6.33. The defined LoDs of the expert opinion approach
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Table 6.20. Attribute d related measurements for expert opinion approach

Mean Coastal
Zone # Elevation Length Coastal L(.angth /
Elevation
(m) (m)
1 1.25 1046.25 839.62
2 21.28 834.73 39.22
3 19.00 0.00 0.00
4 2.91 0.00 0.00
5 0.87 56.50 65.14
6 0.74 131.15 177.08
7 1.54 139.90 90.66
8 1.09 652.35 600.08
9 14.26 0.00 0.00

Table 6.21. Attribute u, related measurements for expert opinion approach

Zone S]?:lllsl(:nAa:ii)an Zone 12&rea Structl'lral
(mz) (m”°) Density
1 9598.70 73531.10 0.13
2 33537.74 155724.00 0.22
3 26661.78 77038.00 0.35
4 26836.84 96095.30 0.28
5 59598.91 144751.00 0.41
6 6233.59 41102.10 0.15
7 39212.19 167038.00 0.23
8 47368.12 216995.00 0.22
9 38720.50 100227.00 0.39
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Table 6.22. Attribute p related measurements for expert opinion approach

Total Built Population Zone Area Popula-tion
Zone # Area 2 density
(m’) (person) (m) (person / ha)

1 25020.26 1112 73531.10 151.23

2 85837.30 3806 155724.00 244 .41

3 55737.75 2485 77038.00 322.57

4 67829.74 3017 96095.30 313.96

5 178416.58 7937 144751.00 548.32

6 20856.57 924 41102.10 22481

7 102750.80 4565 167038.00 273.29

8 145888.81 6494 216995.00 299.27

9 85357.14 3797 100227.00 378.84

Table 6.23. Attribute sq related measurements for expert opinion approach

Water
Amount
(m’)
159.43
17.53
0.00
0.00
190.15
81.90
84.99
289.58
0.15

Zone #

O 0 3 N D b W N —
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To come up with a comprehensive Level I LoD definition, LoD definitions of four
alternative approaches were evaluated together. In this evaluation, the basic unit is
voronoi area, namely buildings. The most detailed LoD definition of a voronoi area

was assigned as the final LoD value of the related voronoi area (figure 6.34).

LoD Results

[ LoDt
B w02
B w0
B .04

500 250 o] 500 Meters
I T

Figure 6.34. The final LoD definitions without indoor LoDs

Up to this stage of the LoD evaluation, the “i” parameter has not been taken into
account. To come up with a final LoD definition for each voronoi object, sea water
height output of the local numerical tsunami model was used (figure 6.35).
Accordingly, if the water object reaches a voronoi object, this means that there is a
need for indoor LoD and that the voronoi object gets an extra half point over the
previuosly determined LoD value. Figure 6.36 represents the final LoD definitions

of the Level II evaluation.
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. Water Heights

Figure 6.35. Final LoD definition with maximum wave layer needed to find indoor

LoD definition of zones
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The Final LoD's

LoD 1 + indoor

B 02
I:l LoD 2 + indoor
- LoD 3 +indoor

WAL
500 250 0 500 Meters

Figure 6.36. The final LoD definitions of all building objects in the implementation

arca

6.2.3.3 Phase III - Needs Assessment

Within the scope of the dissertation, in the tsunami implementation, the generated
3D urban environment has a building object LoD, which is the result of the Level I
LoD evaluation. As it was said before, the results of the Level I decision rule
indicate that appropriate LoD for building objects is LoD 1.5. In the third phase of
the framework, data and process needs to create appropriate representations are

studied.
Figure 6.37 represents the results of the data and process requirement analysis for

this case. The letters in roman type denote object representations while the italic

letters denote initial data types.
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Figure 6.37. The cross-section of framework for an earthquake case

The available data for urban modeling are as follows: building footprint layer in the
vector format from Municipality, and 1/25000 digital contour maps again in the

vector format.

Process steps to develop an urban model involve the generation of 2.5D DEM from
digital contour maps, the generation of LoD1.5 buildings by using building height
information and building footprints, draping the building models with the terrain
model, and water element (45 different sea surfaces which are the result of

numerical tsunami model).

6.2.4 Generation of the 3D Urban Model

After the user and object definitions in the first phase, the identification of the
representations with the use of the proposed decision rule in the second phase, and
data and process needs analysis in the third phase, the generation of the urban

virtual environment constitutes the last process of the framework.

The result of the Level I decision rule application is that LoD required for this

visualization case should be 1.5. This result means that building objects should be
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represented with a simple box form and storey level indoor representation. The
other visualization component is the hazard medium, in this case, water object. The
results of numerical tsunami simulation provide input for Level I and Level II LoD
evaluation; the last input of numerical tsunami simulation is the computed water
height information, which constitutes the natural hazard medium of the Fethiye
tsunami inundation case. The last component of the visualization environment is
terrain, and the generation process and the resultant DEM (figure 6.28) are given in

the Phase II - level II section of the tsunami implementation.

The generated DEM model and the ortho rectified satellite images (obtained from
the Korfez Harita) were used as reference for 2D vector building footprints acquired
from the Municipality. Building storey is the unit object for the desired 3D urban
model. To handle storey units from building layer, building foot prints and
information on number of storeys in the attribute table of the building layer were
used. 6 separate storey layers were created for each storey and these layers were
overlaid to the generated reference layers (DEM and ortho rectified satellite image).

Water object processing steps are given in Appendix C.

In the tsunami visualization case, the process depicted in the figure 6.38, is applied.
Three components are integrated in the GIS environment to take render images for
each temporal state of the tsunami simulation. A video is created by using these

rendered images to show the inundated areas (figure 6.39 and figure 6.40).
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Figure 6.38. Tsunami application visualization phases
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(b)

Figure 6.39. General view from the 3D city model generated for Fethiye tsunami

case
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Figure 6.40. Akin view from the 3D city model generated for Fethiye tsunami case
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CHAPTER 7

CONCLUSIONS AND RECOMMENTATIONS

Before the general conclusions and outcomes of the proposed 3D urban disaster

visualization framework, the results of two 3D urban disaster risk visualization

implementations of the dissertation were discussed.

The following conclusions were reached for the Eskisehir earthquake visualization

implementation and future works and plans originated from this implementation:

The main aim of the 3D city model was the visualization of different (as
total, socio-economic, structural and physical accessibility) disaster

vulnerability indexes for each building in the study area.

Effective visualization properties played important roles in all fields of the

disaster risk reduction framework.

Both model creation environments, namely CAD functions and the
generated city model in GIS environment, have their pros and cons. GIS
intrinsically uses tabular and geographic data. This characteristic is the main
superiority of GIS environment over CAD. Another environment used for
the model generation is CAD, which provides advanced visualization
properties. The integration of CAD and GIS visualizations will be searched

in the future studies. Other disaster vulnerability indicators such as physical
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or socio-economic vulnerabilities and the visualization of all these indicators

in a spatial database will also be searched in the future studies.

e The CAD technology used for the model generation enables advanced
visualization properties, which improve decision maker’s perception level.
Accurate roof modeling and terrain knowledge are the basic deficiencies of
the generated model. To improve the reality level of this kind of models, the
integration of photogrammetric and active sensor methods may constitute

future plans.

e The coding of small GUIs can help non-expert GIS users for effective

visualisation.

The following conclusions were reached for the Fethiye tsunami visualization

implementation and future works and plans originated from this implementation:

e In this implementation, 3D wurban visualization model for disaster
management framework and its decision rule were employed for Fethiye

tsunami inundation visualization case.

e This particular case confirmed the validity of the decision rule for tsunami
case. The technical disaster decision-maker group can use it as a tool to

decide on the needed levels of details in the 3D model representations.

e In addition, it provides indications about the indoor features for a particular

disaster simulation and/or visualization application.

e The study has also shown that a GIS-based analysis could constitute one of
the future works, the definition of accessibility of the essential community
facilities which are significantly impaired due to transportation

infrastructure damage during a tsunami.

173



e In the decision rule, a multi-zonal evaluation approach of different city
districts could constitute another future work. With such an approach, a

more detailed analysis of city could be possible.

In the light of the results of these two implementations, it could be said that natural
hazards affecting large areas can have more sparse effects on urban areas. As a
result, large urban areas should be studied in a more generalized manner. On the
other hand, the effects of natural hazards affecting small areas should be studied in
more detail. The susceptibility level of the city in which the natural disaster occurs
is another multiplier factor. A hazardous event occurring in a more resilient city
cannot cause as much destruction as in a susceptible city. This result in that
assessment which the framework needs could not be completed independently of
the city. As a result, each natural hazard — urban deuce is an application area of the

proposed framework.

The following intellectual and scientific merits are achieved by the proposed

research:

e The conceptual framework forms the basis of 3D visualizations of natural
disaster risk in urban areas. In this way, a general guideline for 3D
visualizations of urban environment with contextual information (natural

disaster risk) is provided.

e Risk communication tool: The 3D visualization of urban environment with
natural disaster risk is achieved seeing the effectiveness of several risk

reduction scenarios.
e The guideline of user needs in 3D visualization: This guideline allows

customization of 3D disaster risk visualization for the needs of disaster

management stakeholders.
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The proposed conceptual 3D urban visualization framework will lead up to more
effective results and increased benefits for stakeholders of disaster management by

means of a risk communication tool. The main contributions of this framework are:

e [t provides improved risk communication levels among the stakeholders of

disaster management and efficient disaster management decision processes

e It is apioneer guide for the future 3D urban disaster management studies

e The systematic nature of the framework reveals the future needs for 3D

urban disaster management visualization

e The flexible characteristics of the framework allows the integration of new

technologies in 3D urban visualization

The proposed framework draws a link between the disaster type and the needed 3D
model for an appropriate 3D visualisation. Eight attributes are incorporated into the
proposed decision rule to establish a link between the hazard type and the LoD
needed in a 3D urban model for visualization. The attributes are divided into two
main groups: hazard-related attributes, including f (frequency), d (duration), S,
(speed of onset), Sq (spatial dispersion), and i (indoor penetration); and urban-
related attributes, including ds (disaster susceptibility), Uae (urban areal extent) and p
(population density). The variable D (level of indoor/outdoor detail) directly
provides the needed LoD of the 3D model.

Although the first applications of this approach are very promising, further tests
with different cities, countries and disasters are needed. Three of the attributes (So,
d, i) are related to the empirical characteristics of the considered hazard. Five (f, sq,
e, Uge, and p) are related to the local specification of the hazard and the settlement
considered for the 3D urban modeling application. Attributes with local
specifications are case-dependent. For example, the same hazard case may need a

different model detail level in a different settlement. The reverse is also true. The
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same settlement may require different 3D models if different types of hazards are

considered. Future research can investigate these possibilities in detail.

Risk managers (and other stakeholders) can use the framework as a tool to
determine the necessary data types for 3D models, used in a particular simulation
and/or visualization application. The main expected benefit of this proposed
framework is the ability to create understandable, yet well-balanced 3D models to

be used as risk communication tools.

This dissertation shows that developments in CityGML, 3D data sources, data
processing and 3D visualization can easily be adapted to the framework. The
feedbacks from the interviewed risk managers show that the initial applications of

the framework are quite promising.

The level of data processing introduced to the literature by this dissertation is a new
concept. The study represents one application area of this new concept, in addition
to this specific area; it may find wider applications. According to the first review
results, the new term has a potential to become a basic term for geospatial
environment to compare data, model and products. Even all kinds of positive
sciences, which contain data collection, preparation and modeling stages, may have
benefits from this new term. However, the concept of the level of data processing
demands further elaboration to gain a basic generic term. Currently, the level of
data processing is established by a rough estimation of the resources and processes
needed to obtain a specific model. Further investigations are needed to define the
appropriate parameters that influence the data processing efforts. These parameters
will most likely be specific to the data-processing unit of various disaster

management organizations.
More research and development is needed to formally define the relations and

dependencies between users and elements at risk. A set of criteria should be

developed, according to which 3D objects can be selected from the object pool.
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The framework is constructed on the idea of effective use of limited resources.
There is no need to such an approach only in case of unlimited financial and human
resources. Based on this point, all disaster management stakeholders and persons or
corporations who have responsibilities relevant to the urban can benefit from the
usage of the proposed framework. This benefit will vary depending on the

application scale or the responsibility of the practitioner.

The proposed framework with proposed components like three-level urban object
evaluation, building object LoD hierarchy with indoor, and zonation approach to
find the homogeneous sub-urban zones will benefit urban planning discipline as
well as in disaster management. Urban planning is a discipline dealing with spatial
problems ranging from the country scale to the single building scale, so these
definitions and methods can be tools for planners to access consistent decisions at
various stages of planning. These stages could be summarized as problem
definition, goal formulation, evaluation of alternatives, choice, implementation and
monitoring. In a general view, the proposed framework as a whole works for the
stages of problem definition and goal formulation, which constitute the policy and
the general strategy of the plan. The proposed zonation approach can find
application areas for the evaluation of alternatives to find the proper choice. The last
3D urban object representation hierarchy with indoor can provide the path to reach

more realistic results for related resolution.
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APPENDIX A

ASCII 3D OBJECT REPRESENTATION EXAMPLE

and four different attributes

“Shape 111

Attribute Values:

0) 94.000000

1) 0.000000

2) 34.210000

3) 823.880000

Number of Parts: 5

Part O

Number of Points: 5
0) 30.553544 39.796763 825.594371 0.000000
1) 30.553542 39.796703 825.594381 0.000000
2) 30.553680 39.796698 825.592952 0.000000
3) 30.553682 39.796758 825.592942 0.000000
4) 30.553544 39.796763 825.594371 0.000000

Part 1

Number of Points: 5
0) 30.553544 39.796763 821.318238 0.000000
1) 30.553542 39.796703 821.318238 0.000000
2) 30.553542 39.796703 825.594381 0.000000
3) 30.553544 39.796763 825.594371 0.000000
4) 30.553544 39.796763 821.318238 0.000000

Part 2

Number of Points: 5
0) 30.553542 39.796703 821.318238 0.000000
1) 30.553680 39.796698 821.318238 0.000000
2) 30.553680 39.796698 825.592952 0.000000
3) 30.553542 39.796703 825.594381 0.000000
4) 30.553542 39.796703 821.318238 0.000000

Part 3

Number of Points: 5
0) 30.553680 39.796698 821.318238 0.000000
1) 30.553682 39.796758 821.318238 0.000000
2) 30.553682 39.796758 825.592942 0.000000

ASCII 3D object representation example, with five faces with four corner points
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3) 30.553680 39.796698 825.592952 0.000000
4) 30.553680 39.796698 821.318238 0.000000
Part 4
Number of Points: 5
0) 30.553682 39.796758 821.318238 0.000000
1) 30.553544 39.796763 821.318238 0.000000
2) 30.553544 39.796763 825.594371 0.000000
3) 30.553682 39.796758 825.592942 0.000000
4) 30.553682 39.796758 821.318238 0.000000”
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APPENDIX B

GENERAL SCALE TSUNAMI ASSESSTMENT

Contour data GPS data GEPCO data

A 4 \ 4 A 4

Point data preparation
(aggregation of different data sources, z sign, projections etc.)

A 4

Gauges
Topography (sea and
land) source

v

* dat (space delimiter
with point indexes)

A 4
¥

[0}
—
o

Wave modeling

\ 4

* txt

A 4

* shp

\ 4

v

Sum 35 different L
Standardization to 0-1

z interpolation (IDW) > tsunami outzmax >
values
v
Reclassify result IDW ||  Sum 35 different »| Standardization to 0-1
to “0” and “1” tsunami occurance

Standardized and | P

reclassified results Resultindex map <

Figure B.1. The workflow of the general scale tsunami assesstment
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APPENDIX C

LOCAL SCALE TSUNAMI ASSESSTMENT

Contour data GPS data GEPCO data

A 4 A 4 \ 4

Point data preparation
(Append different data sources, z sign, projections etc.)
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Topography (sea and > Wave modeling
land) source
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o,
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* txt

* shp

v

\ 4

Project

v

Clipping z interpolation (IDW)

v

Mask generation > Masking > TIN conversion

Figure C.1. The workflow of the local scale tsunami assesstment
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